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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a carbon fiber reinforced resin composite and a molding 
material which give a molded article having biodegradability as causing no waste problem and 
high electroconductivity, thin wall moldability (a flowability at the time of molding) and high 
mechanical characteristics, and to provide the molded article and a method for the recovery of 
carbon fibers. 

SOLUTION: The carbon fiber-reinforced resin composite comprises a carbon fiber which has a 
crystal size in the range of 1.4 to 4.5 nm and a resin which has a biodegradability. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9 Jpdl jpo.go jp/PAl /result/detail/main/wAAAnzaqS2DA41 3329072P1 M... 04/04/01 



1/1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Carbon-fiber-reinforced-plastics complex characterized by coming to contain the 
carbon fiber which is within the limits whose crystal size is 1 .4-4.5nm, and the resin which has 
biodegradability. 

[Claim 2] Carbon-fiber-reinforced-plastics complex according to claim 1 whose carbon fiber is 
what fulfills a following property (A) and/or a following property (B). 

(A) : The range of the Raman-scattering intensity ratio Rs1 should be 0.6-0.93. 

(B) : The range of the Raman-scattering intensity ratio Rs2 should be 0.03-0.72. 

(Here, it is referred to as Rs1=I1/I3 and Rs2=I2/I3.) However, the maximal value of the Raman- 
scattering reinforcement on the front face of a carbon fiber where 11 appears near Raman shift 
1360cm-1, the minimal value of the Raman-scattering reinforcement on the front face of a 
carbon fiber where 12 appears near Raman shift 1480cm-1, and 13 express the maximal value of 
the Raman-scattering reinforcement on the front face of a carbon fiber which appears near 
Raman shift 1580cm-1. 

[Claim 3] Carbon-fiber-reinforced-plastics complex according to claim 1 or 2 whose resin which 
has biodegradability is thermoplastics. 

[Claim 4] Mold goods which come to fabricate carbon-fiber-reinforced-plastics complex 
according to claim 1 to 3. 

[Claim 5] The recovery approach of the carbon fiber by removing resin from the carbon-fiber- 
reinforced-plastics complex which comes to contain a carbon fiber and the resin which has 
biodegradability, or its mold goods by thermal processing, chemical preparation, and/ or 
biodegradation-processing. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to carbon-fiber-reinforced-plastics complex (a 
constituent molding material, etc.) and mold goods. In more detail, it excels in kinetic property 
and conductivity, and shaping is easy, it decomposes under natural environment and after use is 
related with mold goods, such as complex, such as a carbon-fiber-reinforced-plastics 
constituent with few loads to an environment, and a molding material, and a case for electronic 
equipment which comes to fabricate these. Moreover, this invention relates to the approach of 
collecting carbon fibers, keeping high the kinetic property and electrical characteristics of a 
carbon fiber. 
[0002] 

[Description of the Prior Art] The fiber reinforced composite material which makes a carbon fiber 
strengthening fiber is excellent in kinetic property, such as rigidity and shock resistance, and is 
broadly used for various kinds of industrial fields, such as space and the aeronautical-navigation 
field, the auto industry field, the energy field, the sporting-goods field, and the leisure-goods 
field. Moreover, since a substrate is conductivity, the carbon fiber is broadly used also in cases 
for electronic equipment with which electromagnetic wave shielding nature and an antielectricity 
characteristic are demanded, such as IC tray and a personal computer. 
[0003] There are thermosetting resin and thermoplastics in the resin currently used for the 
matrix resin of a fiber reinforced composite material. Since recycle of the product by melting 
shaping is possible for especially the fiber reinforced composite material using thermoplastics, 
attention is attracted. However, when a product is discarded, since the catabolic rate under 
natural environment is generally extremely slow, even if resin carries out flasking processing, the 
problem which remains in the earth semipermanently produces it. 

[0004] To such a problem, some resin which has biodegradability is developed and attention is 
attracted in recent years. In the body of an animal, when it biodegrades 100% within one year 
from several months and is placed all over soil or seawater, under the damp environment, these 
resin begins decomposition in several weeks, will disappear from about one year in several years, 
and will have further the property that a decomposition product becomes a carbon dioxide and 
water harmless to the body. For example, the copolymer of the resin constituent containing 
starch and polyvinyl alcohol, the resin constituent containing starch and the poly caprolactone, 
cellulose acetate, the dehydration condensate of 1 ,4-butanediol and a succinic acid, the poly 
caprolactone, a hydroxy valeric acid, and hydroxybutyric acid, polylactic acid, etc. are the 
example. 

[0005] Although it is thought that the problem of trash is solvable by using the resin which has 
such biodegradability as matrix resin, in the case of the composite material which makes a 
carbon fiber strengthening fiber, many demand characteristics, such as electrical characteristics, 
such as dynamics properties, such as reinforcement, rigidity, shock resistance, and a fatigue 
property, and electromagnetic wave shielding nature, conductivity, an antielectricity 
characteristic, are in very high level. However, when the resin which has such biodegradability is 
used for matrix resin, it is difficult to realize high kinetic property and electrical characteristics, 
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and the present condition is lacking in practicality. 

[0006] Moreover, melting shaping for the second time is possible for the mold goods using 
thermoplastics, and they are excellent in the field of recycle. However, if shaping by injection 
molding etc. is performed again, since a carbon fiber will be cut short, it is difficult to maintain 
kinetic property equivalent to the first mold goods, and electrical characteristics, and an 
application is limited. Moreover, resin is removed from mold goods and how to collect and extract 
and reuse only a carbon fiber is also examined. There is a method of dissolving or decomposing 
and specifically removing resin to the approach of disassembling and removing resin at an 
elevated temperature, an acid, alkali, an organic solvent, etc., etc. However, since there is much 
consumption of energy since an elevated temperature is required for the approach of 
disassembling resin at an elevated temperature, or the long duration pan of the carbon fiber is 
carried out to an elevated temperature, the kinetic property of a carbon fiber and electrical 
characteristics may fall. Moreover, as for the approach using an acid, alkali, an organic solvent, 
etc., problems, such as processing of waste fluid, remain. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to obtain 
the carbon-fiber-reinforced-plastics complex (a constituent, molding material, etc.) which 
realizes outstanding kinetic property and outstanding conductivity, and mold goods while having 
biodegradability and an environmental load's being small. Moreover, let it be a technical problem 
to offer the approach of collecting carbon fibers from mold goods, keeping high the kinetic 
property of a carbon fiber, and electrical characteristics, pressing down consumption of energy 
few. 
[0008] 

[Means for Solving the Problem] this invention persons wholeheartedly by combining the carbon 
fiber which has specific crystal size, and the resin which has biodegradability as a result of 
examination The carbon-fiber-reinforced-plastics complex (a constituent, molding material, etc.) 
with which the mold goods which have biodegradability and have the kinetic property which had 
few environmental loads and was excellent, and outstanding electrical characteristics are 
obtained can be offered, Moreover, a header and this invention were completed for the ability of 
the approach of collecting carbon fibers from the mold goods using biodegradation resin, keeping 
high the kinetic property of a carbon fiber, and electrical characteristics, pressing down 
consumption of energy few to be offered. 

[0009] In order to solve the above-mentioned technical problem, the carbon-fiber-reinforced- 
plastics complex of this invention has the next configuration. Namely, carbon-fiber-reinforced- 
plastics complex characterized by coming to contain the carbon fiber which is within the limits 
whose crystal size is 1 .4-4.5nm, and the resin which has biodegradability. 
[0010] Or it is the recovery approach of the carbon fiber by removing resin from the carbon- 
fiber-reinforced-plastics complex which comes to contain a carbon fiber and the resin which has 
biodegradability, or its mold goods. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of this invention is 
explained. 

[0012] the carbon fiber used by this invention comes out, and is within the limits whose crystal 
size is 1.4-4.5nm. If crystal size is smaller than 1.4nm, as a result of the conductivity of a carbon 
fiber falling, the electromagnetic wave shielding nature of mold goods and conductivity will 
become low. Moreover, since the crystal structure will be in the condition of fully not 
progressing, dynamics properties originally expected from the carbon fiber, such as **** and 
flexural strength, fall. As a result of a carbon fiber's becoming is easy to be cut on the other 
hand when it is injection molding and kneads with a screw etc. since the amount of strains until 
the elastic modulus of a carbon fiber becomes high and it results in destruction with stress, such 
as an d bending, becomes small for example, if 4.5nm is exceeded, the fiber length in mold 
goods becomes short, and electromagnetic wave shielding nature and an antielectricity 
characteristic become low. 1.5-3.5nm of crystal sizes of a more desirable carbon fiber is 1.7- 
2.5nm still more preferably. In addition, although a wide angle X-ray diffraction method is suitable 



http://www4.ipdljpo.go.jp/cgi-bin/tran.web.cgi_ejje 



04/04/01 



3/18 ^-v 



and a more detailed measuring method is later mentioned as a measuring method of crystal size, 
it is not limited to these at all. 

[0013] Moreover, as for a carbon fiber, it is desirable that it is within the limits whose average 
(diameter of average fiber) of the diameter of a fiber cross section is 3-1 5 micrometers. In less 
than 3 micrometers, it becomes difficult to sink [ of the resin to the inside of a carbon fiber 
bundle ] in the diameter of average fiber, and it produces problems, such as being inferior to the 
dispersibility of the carbon fiber in the inside of mold goods. On the other hand, if the diameter of 
average fiber exceeds 20 micrometers, it will become difficult to obtain the carbon fiber which is 
excellent in kinetic property, and the desired reinforcement effectiveness will be hard to be 
acquired. It is 5-1 1 micrometers more preferably, and is 6-9 micrometers still more preferably. 
[0014] Moreover, as a carbon fiber used by this invention, what fulfills a following property (A) 
and/or a following property (B) is still more desirable. 

[0015] (A): The range of the Raman-scattering intensity ratio Rs1 should be 0.6-0.93. 
(B): The range of the Raman-scattering intensity ratio Rs2 should be 0.03-0.72. 
Here, it is Rs1=I1/I3 and Rs2=I2/I3. 

[0016] However, they are the maximal value of the Raman-scattering reinforcement on the front 
face of a carbon fiber which appears near I1:Raman shift 1360cm-1, the minimal value of the 
Raman-scattering reinforcement on the front face of a carbon fiber which appears near I2:Raman 
shift 1480cm-1, and the maximal value of the Raman-scattering reinforcement on the front face 
of a carbon fiber which appears near I3:Raman shift 1580cm-1. 

[0017] In addition, said 11 and 12, and 13 are the things about the Raman-scattering reinforcement 
after base-line amendment. In the Raman shift range of 600cm-1-2200cm-1, the above- 
mentioned base-line amendment carries out straight-line approximation of the base line of a 
Raman spectrum, and makes distance from the approximation straight line Raman-scattering 
reinforcement, and the thing of the actuation which amends the inclination of the base line at the 
time of measurement is said. Moreover, since the wave number (cm-1) of the extremal value of 
said Raman-scattering reinforcement might be changed about [ **20cm - ] one according to the 
difference of the fine structure of the graphite on the front face of a carbon fiber etc., it used 
the expression "neighborhood" Becoming. 

[0018] When the carbon fiber which has such a property is used, the carbon-fiber-reinforced- 
plastics complex which has high conductivity, a light-gage moldability (especially fluidity at the 
time of shaping), and appearance grace specifically can be offered. That is, the carbon fiber 
which has a specific Raman spectrum has the outstanding effectiveness of being satisfied with 
coincidence of high conductivity, an above-mentioned light-gage moldability, and above- 
mentioned appearance grace. Since the selection by said Raman spectrum can be selected that 
it is simple and correctly, without measuring various properties of a carbon fiber respectively, it 
is very significant also from a industrial standpoint. 

[0019] As for the one requirement for selection, as this carbon fiber, Rs1 (II / 13) is 0.6-0.93, 
Although the conductivity of the carbon fiber itself of the carbon fiber whose Rs1 is less than 0.6 
is high, a carbon fiber may tend to be cut by kneading with injection molding, and the 
conductivity of mold goods and a dynamics property may fall. It is good to use preferably 0.66 to 
0.9, and the thing which is in the range of 0.67-0.85 still more preferably. Namely, this Rs1 When 
the carbon fiber of 0.6-0.93 out of range is used, conductivity worsens and the kinetic property 
of mold goods is also inferior. 

[0020] One [ moreover, ] of the another selection approaches as this carbon fiber the minimal 
value 12 of the Raman-scattering reinforcement which appears near Raman shift 1480cm-1 The 
maximal value 13 of the Raman-scattering reinforcement which appears near Raman shift 
1580cm-1 It is good 0.03 to 0.72, and for the Raman-scattering intensity ratio Rs2 (12/13) to 
choose and use desirably 0.05 to 0.7, and the carbon fiber which is in the range of 0.07-0.68 still 
more desirably. 

[0021] This carbon fiber 2, i.e., Rs, The effective difference between the carbon fiber in the range 
of 0.03-0.72 and its carbon fiber out of range is the same as that of the what case was chosen 
by said approach, and when Rs2 is 0.03 or less, although the conductivity of the carbon fiber 
itself is high, a carbon fiber tends to be cut by kneading with injection molding, therefore it falls 
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and is desirable [ the conductivity / neither the conductivity of mold goods, nor a dynamics 
property ]. Moreover, or more by 0.72, the conductivity of the carbon fiber itself is bad, and since 
the dynamics property of a carbon fiber is also inferior, the rigidity of mold goods becomes low 
and it becomes difficult to obtain the carbon-fiber-reinforced-plastics complex which combines 
conductivity and a light-gage moldability. In this invention, what fills a property (C) and/or (D) is 
raised as a carbon fiber of a still more desirable component. 

(C) : The range of the ratios Rs1/Ri1 of the Raman-scattering intensity ratio of a carbon fiber 
front face and a inner layer is 0.7-1.3. 

(D) : The range of the ratios Rs2/Ri2 of the Raman-scattering intensity ratio of a carbon fiber 
front face and a inner layer is 0.7-1.3. 

[0022] Here, it is Ri 1=14/16 and Ri2=I5/I6. 

[0023] However, it is the maximal value of the Raman-scattering reinforcement of a location with 
a depth of 2 micrometers from the carbon fiber front face which appears the minimal value of the 
Raman-scattering reinforcement of a location with a depth of 2 micrometers, and near I6:Raman 
shift 1580cm-1 from the maximal value of the Raman-scattering reinforcement of a location with 
a depth of 2 micrometers, and the carbon fiber front face which appears near I5:Raman shift 
1480cm-1 from the carbon fiber front face which appears near I4:Raman shift 1360cm-1. 
[0024] In addition, said 14, 15, and 16 are a thing about the Raman-scattering reinforcement after 
base-line amendment. In the Raman shift range of 600cm-1-2200cm-1, the above-mentioned 
base-line amendment carries out straight-line approximation of the base line of a Raman 
spectrum, and makes distance from the approximation straight line Raman-scattering 
reinforcement, and the thing of the actuation which amends the inclination of the base line at the 
time of measurement is said. 

[0025] Moreover, the low thing of the electric resistance on the front face of a carbon fiber is as 
much as possible desirable from a current tending to flow a carbon fiber front face alternatively. 
Furthermore, when a carbon fiber and a carbon fiber contact, it is required for the conductive 
improvement in mold goods for the contact resistance to be low. Contact resistance changes a 
lot by surface states, such as conductivity on the front face of a carbon fiber, irregularity, a 
cross-section configuration, and a sizing agent, and this influences conductive extent of mold 
goods in many cases. On the other hand, the crystallinity of a carbon fiber of graphitization is so 
high that it becomes close to a carbon fiber front face at the time of baking termination, and it 
has the inclination for crystallinity to become low, so that it becomes far. In a baking process, 
this is surmising that it becomes such an inclination, in order to be influenced by diffusion of the 
cracked gas which occurs inside fiber in order that heat conduction inside fiber may be overdue 
from a fiber front face. However, in the production process of a carbon fiber, it is a baking 
process, next sizing agent processing is usually further performed in electrolysis surface 
preparation in the acid or the alkali electrolyte water solution. Although it is the processing 
performed in order that this may improve the kinetic property of a composite, the crystallinity of 
the front face after processing does not bring about a conductive fall, and it is not desirable that 
are falling in many cases and crystallinity becomes low in this way. It finds out that it is stabilized 
and good conductivity can be acquired by this invention's measuring extent of the crystalline fall 
by surface treatment etc. for a carbon fiber front face and the interior by the Raman-scattering 
intensity ratio, and adopting what satisfies an above-mentioned numeric value. That is, although 
it is desirable that the range of Rs1/Ri1 and/or Rs2/Ri2 is 0.7-1.3, they are the range of 0.8-1.2, 
and the carbon fiber which is in the range of 0.9-1.1 still more preferably more preferably. That 
is, when Rs1/Ri1 and/or Rs2/Ri2 use the carbon fiber of 0.7-1.3 out of range, since it may 
become the cause of a conductive fall, it is not desirable. Since the substrate of a carbon fiber 
from the first is close to two-layer structure, and the conductivity of mold goods and a dynamics 
property can become [ a carbon fiber ] cut [ tend ] by kneading by the forming cycle etc. low, 
less than 0.7 carbon fiber is not desirable. Since the graphite structure of a inner layer with a 
depth of 2 micrometers does not change with surface treatment etc. from a fiber front face 
substantially, it is suitable to describe the graphite structure of a carbon fiber inner layer, and is 
the reason this chose the Raman spectrum with a depth of 2 micrometers. 
[0026] Since the specific carbon fiber which fulfills all the above-mentioned properties is what 
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can offer certainly the carbon~fiber-retnforced-plastics complex which combines the further 
excellent high conductivity and a high light-gage moldability, it is much more desirable. When the 
carbon fiber chosen by the Raman-scattering reinforcement of a carbon fiber inner layer is used 
for the Raman pan of crystal size and a front face on the strength, there is an advantage which 
can offer the carbon-fiber-reinforced-plastics complex with which are certainly satisfied of the 
technical problem of this invention. 

[0027] Although the carbon fiber of this invention can use an acrylic fiber, a pitch, rayon, etc. as 
a raw material, it is excellent in productivity with the industrial carbon fiber manufactured from 
the acrylic fiber which used especially acrylonitrile as the principal component, and excellent also 
in the dynamics property, and desirable. It is not this limitation, although what copolymerized the 
monomer component which promotes a fire resistance-ized reaction as an acrylic fiber is 
desirable and can raise an itaconic acid, an acrylic acid, methacrylic acids and those methyl 
ester, ethyl ester, propyl ester, an alkali-metal salt, ammonium salt or an allyl compound sulfonic 
acid, a metallyl sulfonic acid, styrene sulfonic acids, those alkali-metal salts, etc. as such a 
component. It is not limited especially although it is desirable to apply a wet spinning method and 
a dryness-and-moisture type spinning method as for the spinning approach. 
[0028] It is obtained by passing through the carbonization process further heated and carbonized 
at an elevated temperature in the inert atmosphere of nitrogen, helium, an argon, etc. a fire 
resistance chemically-modified [ which an acrylic carbon fiber uses acrylonitrile as a principal 
component, carries out a polymerization, heats the acrylic fiber which carried out spinning of it 
and obtained it in a 200-400-degree C air ambient atmosphere, and it converts into fire 
resistance-ized fiber ] degree (in accordance with a carbonization process, it is called a baking 
process a fire-resistance chemically-modified degree). Approaches, such as wet spinning, 
dryness-and-moisture type spinning, dry spinning, and melt spinning, are used for the spinning of 
an acrylic fiber. As for the carbon fiber used by this invention, it is desirable to adopt 1000 
degrees C - 2300 degrees C as temperature which fire-resistance-izes an acrylic fiber and is 
subsequently carbonized. It is 1200-1900 degrees C preferably. It is because a carbon fiber may 
become weak although the crystal size made into the purpose at temperature low 1000 degrees 
C may be small, the conductivity of the carbon fiber itself may fall, a dynamics property may 
moreover become low, crystal size becomes large at temperature high 2300 degrees C and the 
conductivity of the carbon fiber itself is good, and it may go out finely at the shearing force at 
the time of kneading of injection molding and the conductivity of mold goods may fall. 
[0029] Moreover, as for the carbon fiber used by this invention, it is desirable that a strand 
modulus of elasticity in tension is 200-450GPa. When the kinetic property (especially impact 
strength) of the mold goods obtained when a strand modulus of elasticity in tension is lower than 
200GPa(s) might be insufficient, and it kneads with a screw etc. on the occasions, such as 
injection molding, when higher than 450GPa for example, a carbon fiber may be cut, or it may 
become difficult for it to be stabilized and to control the conductivity of resin complex and its 
mold goods, or it may become difficult for the kinetic property of mold goods to decline and to 
attain target kinetic property. It is 220 or more-GPa 350 or less GPa preferably. 
[0030] Moreover, it is desirable that the carbon fiber used by this invention is contained in 10 - 
60% of the weight of the range in carbon-fiber-reinforced-plastics complex (preferably 10 - 40 % 
of the weight, still more preferably 15 - 35 % of the weight, most preferably 18 - 33 % of the 
weight). It is because the fluidity at the time of shaping may fall, for example, resin complex may 
be unable to fill up a metal mold cavity completely at the time of injection molding, if especially 
electromagnetic shielding nature sometimes falls [ the reinforcement of resin complex and its 
mold goods, rigidity, conductivity, and ] when lower than 10 % of the weight, and 60 % of the 
weight is exceeded. 

[0031] In order to give high kinetic property, it is preferably good for whenever [ **** breaking 
extension ] to use [ whenever / **** breaking extension / whenever / **** breaking extension ] 
1.9% or more of carbon fiber still more preferably 1.7% or more more preferably 1.5% or more. 
Although it is infinite to whenever [ **** breaking extension / of the carbon fiber used by this 
invention ], it is desirable that it is generally less than 5%. 

[0032] Electrolysis processing is desirable although there are various kinds of approaches, such 
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as electrolysis processing, drug solution processing, and plasma treatment, among the surface 
treatment approaches of a carbon fiber. As the electrolytic solution used for electrolysis 
processing, water solutions, such as a chloride of these potassium salt, barium salt or other 
metal salts and ammonium salt or a hydrazine, or a hydrazine, a bromide, and a sulfate, are 
mentioned to the water solution of organic salt, such as mineral, such as inorganic hydroxides, 
such as inorganic acids, such as a sulfuric acid, a nitric acid, and a hydrochloric acid, and a 
sodium hydroxide, a potassium hydroxide, a barium hydroxide, ammonia or a sodium carbonate, 
and a sodium hydrogencarbonate, sodium acetate, and a sodium benzoate, and a pan. Also in this, 
an inorganic acid is desirable as the electrolytic solution, and a sulfuric acid and a nitric acid are 
used preferably. 

[0033] What there is no limit especially as a sizing agent of a carbon fiber, and is usually used for 
the carbon fiber is desirable, and using for matrix resin, congener or matrix resin, the resin which 
has the biodegradability which has compatibility and an epoxy resin, polyurethane resin, 
polyamide resin, etc. are desirable. 

[0034] What is used as matrix resin in the carbon-fiber-reinforced-plastics complex of this 
invention is resin which has biodegradability. The copolymer of the resin constituent containing 
starch and polyvinyl alcohol, the resin constituent containing starch and the poly caprolactone, 
cellulose acetate, the dehydration condensate of 1,4-butanediol and a succinic acid, the poly 
caprolactone, a hydroxy valeric acid, and hydroxybutyric acid, polylactic acid, etc. are mentioned 
to the resin which has biodegradability. A commercial item can also be used for the resin which 
has such biodegradability. For example, as an example of the dehydration condensate of 1,4- 
butanediol and a succinic acid, EKOPUREI (a trademark, Cargill make), Lacty (a trademark, 
Shimadzu Make), Rey Xia (a trademark, Mitsui Chemicals, Inc. make), etc. are mentioned as an 
example of polylactic acid, such as a plaque eel (a trademark, Daicel Chemical Industries, Ltd. 
make) and a tone (a trademark, made in Union Carbide), as an example of the poly caprolactones, 
such as Bionolle (a trademark, Showa High Polymer Co., Ltd. make). 
[0035] Although there are thermosetting resin and thermoplastics in the resin which has 
biodegradability, a point to the thermoplastics which can be fabricated is desirable at a short 
molding cycle. 

[0036] Moreover, although the resin which has the biodegradability which is excellent in an 
adhesive property with a carbon fiber is needed in order to have the outstanding kinetic property, 
the resin which has amide association or an ester bond at this point is desirable, and polylactic 
acid is still more desirable in such resin. 

[0037] To the concept of the word of the "polylactic acid" used in this invention, the polymer 
blends and polymer alloys of a copoly lactic-acids [, such as a polylactic acid and lactic-acid- 
hydroxycarboxylic acid copolymer, ], polylactic acid, and lactic-acid-hydroxycarboxylic acid 
copolymer, such as mixture, are included. Lactic acids and hydroxycarboxylic acid are used as a 
raw material of polylactic acid. As an example of lactic acids, L-lactic acid, DHactic acid, DL- 
lactic acids, those mixture, or the lactide that is the annular dimer of a lactic acid can be 
mentioned. Moreover, as an example of the hydroxycarboxylic acid which can be used together 
with lactic acids, a glycolic acid, 3-hydroxybutyric acid, 4-hydroxybutyrate, a 4-hydroxy valeric 
acid, a 5-hydroxy valeric acid, and 6-hydroxycarboxylic acid can be mentioned, and epsilon- 
caprolactone which is the cyclic ester of glycolide or a 6-hydroxy caproic acid which is the 
cyclic-ester intermediate field of hydroxycarboxylic acid, for example, the dimer of a glycolic 
acid, can be mentioned further. Here, a copoly lactic acid may be a random copolymer, may be a 
block polymer, or may be both mixture. The polylactic acid of these modes can also be used 
independently and can also be used in two or more kinds of combination of arbitration. 
[0038] Substantially, the weight average molecular weight (Mw) and molecular weight distribution 
of polylactic acid will not be restricted, especially if fabrication is possible. Although the 
molecular weight of the polylactic acid used by this invention will not be restricted especially if 
sufficient machine physical properties are shown substantially, generally, 10,000-500,000 are 
desirable, 30,000-400,000 are more desirable as weight average molecular weight (Mw), and 
50,000-300,000 are still more desirable. Generally, when smaller than 10,000, machine physical 
properties may not have enough weight average molecular weight (Mw), or when molecular weight 
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exceeds 500,000 conversely, handling may become difficult or it may become uneconomical. 
[0039] Although the conductivity which was excellent in this invention by being filled up with a 
carbon fiber can be given The conductive filler of further others, for example, carbon black, gold, 
silver, copper, Aluminum, nickel, palladium, iron, stainless steel, tin oxide, It is the gestalt (for 
example, configurations, such as powder, a flake, granulation, a bead, fiber, and a whisker) of 
arbitration about indium oxide, a lead oxide, silicon carbide, zirconium carbide, titanium carbide, 
etc., and it is also possible to double and use a single or two or more sorts. 
[0040] Moreover, it is also possible to blend an elastomer, thermoplastic elastomer, an elastomer 
particle, a thermoplastics particle, an inorganic particle, etc. with the resin which has 
biodegradability as a modifier. An elastomer, thermoplastic elastomer, an elastomer particle, and 
a thermoplastics particle are blended in many cases in order to raise the shock resistance of 
mold goods. Moreover, an inorganic particle is blended in many cases in order to raise the rigidity 
of mold goods. Moreover, it is also possible to blend a flame retarder, a weatherproof 
amelioration agent, an antioxidant, a thermostabilizer, an ultraviolet ray absorbent, a plasticizer, a 
crystalline-nucleus agent, lubricant, a release agent, a coloring agent, a compatibilizer, etc. with 
the resin which has biodegradability. 

[0041] The carbon-fiber-reinforced-plastics complex of this invention consists of a carbon fiber 
and matrix resin, and into homogeneity or the gestalt mixed at random, and matrix resin, in the 
fixed-on parenchyma direction, a carbon fiber is not limited for both, especially although the 
gestalt which carried out orientation, or the gestalt arranged by the 3rd component carrying out 
localization near [ the / which carried out orientation ] the carbon fiber is mentioned. In addition, 
that the 1st gestalt is generally called the resin constituent in many cases, the 2nd and 3 gestalt 
is not especially limited, although used suitable for a molding material. 

[0042] The molding material of this invention is an ingredient for obtaining mold goods by well- 
known approaches, such as hot forming, compression molding, injection molding, blow molding, 
and extrusion molding. It is good to use what was made desirable in detailed explanation of the 
above mentioned carbon-fiber-reinforced-plastics complex as the carbon fiber which constitutes 
a molding material, and resin which has biodegradability. The pellet for injection molding which 
becomes a molding material from the carbon-fiber-reinforced-plastics complex of this invention, 
The prepreg which made the resin which has biodegradability sink in or adhere to the carbon 
fiber bundle lengthened and arranged, textiles, a mat, a nonwoven fabric, knitting, a plaited cord, 
etc., Although various ingredients, such as a union cloth obtained from the fiber bundle acquired 
by carrying out spinning of the commingled yarn which interwove the filament obtained by 
carrying out spinning of the resin which has biodegradability, and the carbon fiber filament, and 
the resin which has biodegradability, and a carbon fiber bundle, are mentioned Shaping of a short 
cycle is possible and the pellet for injection molding is desirable at the point of being fit for mass 
production method. 

[0043] As a pellet for injection molding, melting kneading is carried out, resin, an additive, etc. 
which have a carbon fiber and biodegradability are extruded with one shaft or a biaxial extruder, 
and there is a continuous glass fiber pellet which cut suitably into a certain die length the 
compound pellet cut further if needed and the carbon fiber bundle by making it cover or sink in 
by the resin which has biodegradability in the cross-section configuration where the longitudinal 
direction of a molding material is almost the same. 

[0044] In order for the mold goods which come to fabricate the carbon-fiber-reinforced-plastics 
complex and the molding material, especially the pellet for injection molding of this invention to 
have the outstanding conductivity and kinetic property (reinforcement, rigidity, impact strength, 
etc.), it is effective to lengthen the die length of the carbon fiber in mold goods, but in order to 
acquire the conductivity and the dynamics property which are not acquired with a compound 
pellet, it is desirable to take the gestalt of a continuous glass fiber pellet also in the above- 
mentioned pellet. 

[0045] Moreover, it is desirable that the range of the die length of the carbon fiber which 
constitutes a continuous glass fiber pellet is 1-1 0mm (preferably 3-1 0mm, still more preferably 
5-9mm). When shorter than 1mm, the die length of the carbon fiber in mold goods is short, and it 
is because the fluidity when conductivity and kinetic property declining, and carrying out injection 
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molding when longer than 10mm may cause the conductivity by the dispersibility fall of the poor 
appearance of mold goods, and a carbon fiber, and a kinetic property fall bad. 
[0046] Fiber as indicated to be a continuous glass fiber pellet as used in the field of this 
invention to JP.63-37694.B arranges almost in parallel with the longitudinal direction of a pellet, 
and the die length of the fiber in a pellet points out mostly the same or the thing in which the 
pellet it is [ pellet ] more than it is contained with pellet die length. 

[0047] It lets a strengthening fiber bundle pass for the inside of the sinking-in tub containing the 
case of the continuous glass fiber pellet with which it sank in, for example, the emulsion of (1) 
resin, suspension, a solution, or melt. It heats, after making powder permeate a strengthening 
fiber bundle through a strengthening fiber bundle to the place in the condition of having 
distributed an approach, (2) resin powder, etc. into which each component of this inventions, 
such as resin, is infiltrated with vibration or a gas. Although the well-known sinking-in 
approaches, such as an approach of infiltrating each component of this inventions, such as resin, 
can be used drawing out a strengthening fiber bundle using the approach of infiltrating each 
component of this inventions, such as resin, and the cross head die which extruded (3) melting 
resin It is desirable to use the sinking-in approach given [ the component of this invention ] in 
the above (3) homogeneity and in order to carry out the amount combination of requests. 
[0048] It is the continuous glass fiber pellet of the sheath-core mold which consists of a core 
part which consists of complex into which the component of hypoviscosity was infiltrated rather 
than the resin which has biodegradability in a strengthening fiber bundle as shown in JP.10- 
138379 A and a sheath which consists of resin which has biodegradability at least still more 
preferably. After it sinks in beforehand of a component with low melt viscosity rather than resin 
with most loadings in the resin with which a strengthening fiber bundle has biodegradability in the 
case of said sheath-core type of continuous glass fiber pellet and a carbon fiber and said melt 
viscosity form complex with a low component, it is desirable to be covered with the resin which 
has biodegradability at least. 

[0049] The resin which "the component with melt viscosity lower than the resin which has said 
biodegradability" is a component which makes a carbon fiber promote that the resin which has 
said thermoplastic biodegradability sinks in here, for example, has the biodegradability of low 
molecular weight rather than the resin which has said biodegradability, an epoxy resin, alcoholic 
fusibility polyamide resin, water-soluble polyamide resin, or a phenolic compound is mentioned. 
[0050] A phenolic compound is a compound which has the hydroxyl group combined with the 
phenolic hydroxyl group, i.e., an aromatic series ring. As a phenolic compound which has one 
hydroxyl group, naphthols, such as phenols, such as a phenol, cresol, a xylenol, and butylphenol, 
1-naphthol, and 2-naphthol, are mentioned into 1 molecule. What has two or more hydroxyl 
groups in 1 molecule as a phenolic compound is desirable. As a phenolic compound which has 
two hydroxyl groups, naphthols, such as phenols, such as bisphenol A, Bisphenol F, Bisphenol S, 
Bisphenol B, a hydroquinone, a methyl hydroquinone, resorcinol, a catechol, and methylcathecol, 
and dihydroxy naphthalene, are mentioned. Moreover, as a phenolic compound which has two or 
more hydroxyl groups, a condensate with a condensate with the condensate of phenols and/or 
naphthols, and aldehydes, phenols and/or naphthols, and a xylylene glycol, phenols and/or 
naphthols, and an isopropenyl acetophenone, trihydroxy naphthalene, pyrogallol, etc. are 
mentioned. Here, as aldehydes, formaldehyde, an acetaldehyde, a propyl aldehyde, a 
benzaldehyde, glyoxal, a horse mackerel pin aldehyde, glutaraldehyde, sebacic aldehyde, 
salichlaldehyde, etc. are used. 

[0051] Moreover, the polymer obtained by the phenolic compound and the condensation reaction 
of the aliphatic hydrocarbon which has two double bonds can be used preferably. A phenolic 
compound (precursor a) and the condensation reaction of the aliphatic hydrocarbon (precursor b) 
which has two double bonds can be performed to the bottom of existence of strong acid or 
Lewis acid. Moreover, within Precursor a and a system, the compound which generates 
Precursor b can be made to be able to react on the same conditions, and can also be obtained. 
[0052] Although the above mentioned phenolic compound is used as this precursor a, two or 
more sorts of compounds may be used. As a desirable phenolic compound, a phenol and cresol 
are mentioned especially. 
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[0053] As this precursor b, even if it does not have cyclic structure, you may have. Examples, 
such as a butadiene, an isoprene, pentadiene, and hexadiene, can be given as what does not have 
cyclic structure. As what has cyclic structure, with the compound of monocycle nature 
Cyclohexadiene, a vinyl cyclohexene, cycloheptadiene, With a bicyclic compound, cyclo- 
octadiene, the monocycle type monoterpene (a dipentene, a limonene, terpinolene, a terpinene, 
phellandrene) expressed with the molecular formula of C1 OH 16 As a compound of 2 t 5- 
norbornadiene, a tetrahydro indene, the 2 ring type sesquiterpene (cadinene, selinene, 
caryophyllene) expressed with the molecular formula of C15H24, and 3 ****, examples, such as a 
dicyclopentadiene, can be given and two or more sorts of these may be used. As this precursor 
b, the thing of carbon numbers 6-15 is desirable, and what has cyclic structure is desirable. A 
chain becomes comparatively upright and contributes advantageously what has cyclic structure 
to kinetic property. As a desirable thing, the monocycle type monoterpene and dicyclopentadiene 
which are expressed with the molecular formula of CI OH 16 are mentioned especially. Moreover, 
as a compound which generates Precursor b within a system, examples which generate a 
dipentene by isomerization, such as a pinene and camphene, can be given, and two or more sorts 
of these may be used. 

[0054] The polar, comparatively high thing which added one molecule of precursors b for 
Precursor a to dyad as what was especially excellent as resin with melt viscosity lower than the 
resin which has said biodegradability which is the component of this invention is mentioned. 
[0055] As a component with melt viscosity lower than the resin which has said biodegradability, 
it is desirable that weight average molecular weight is 1000 or less [ 200 or more ]. Since it is 
inferior to thermal stability when molecular weight is less than 200, it volatilizes during shaping 
and faults, such as a void, may be generated in mold goods. On the other hand, if molecular 
weight exceeds 1000, it may be inferior to a light-gage moldability (fluidity at the time of 
shaping), and effectiveness of this invention may fully be unable to be discovered. 
[0056] moreover — although the loadings of the resin which has the biodegradability at the time 
of making the whole complex into the 100 weight sections in the carbon-fiber-reinforced- 
plastics complex of this invention change with gestalten of complex — desirable — 10-99 
weight section — more — desirable — 20 - 95 weight section — it is 30 - 90 weight section 
still more preferably. 

[0057] Although especially the combination gestalt of the molding material of this invention is not 
restricted, after the aforementioned melt viscosity sinks in a strengthening fiber bundle (carbon 
fiber) of a low component and forms complex, it is resin which has biodegradability and the 
dryblend of the pellet of the molding material containing the resin of the continuous glass fiber 
pellet which covered said complex, the resin which has biodegradability, of the same kind, or 
another class, for example, the resin which has biodegradability, may be carried out. in this case, 
the resin which has biodegradability among the mold-goods 100 weight section finally obtained 
after the loadings of the resin which has biodegradability take into consideration the content of 
the resin which has the biodegradability already included in a pellet — desirable — 10-99 
weight section — it is more preferably good 20 - 95 weight section and to carry out dryblend so 
that it may become 30 - 90 weight section still more preferably. 

[0058] Moreover, as loadings of a component with melt viscosity lower than said biodegradability 
resin, it is 1 - 10 weight section preferably to 0.01 - 20 weight section and a pan to the resin 
100 weight section which has biodegradability. Dryblend is carried out to the complex which does 
not contain this component, and this component can also be used [ sinking into a strengthening 
fiber bundle, as described above, covering with the resin which has biodegradability after that, 
and also using with the gestalt of a continuous glass fiber pellet, also kneading and using for the 
resin which has biodegradability, or ]. There may be too few loadings of resin with said low melt 
viscosity across this range, or when many [ too ], the ingredient which was able to balance 
kinetic property, such as a moldability in light-gage mold goods and shock resistance, and 
reinforcement, may not be obtained. Similarly, even if liquid crystallinity resin is mixed by the 
continuous glass fiber pellet for injection molding, the light-gage moldability (fluidity at the time 
of shaping) which is one effectiveness of this invention can be discovered more highly. Liquid 
crystallinity resin means the resin which can form an anisotropy at the time of melting. What 
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examples, such as liquid crystal polyester, liquid crystal polyester amide, a liquid crystal 
polycarbonate, a liquid crystal polyester elastomer, and a liquid crystal polyamide, are given, and 
has an ester bond in a chain especially as liquid crystallinity resin is desirable, liquid crystal 
polyester and liquid crystal polyester amide are especially desirable, and liquid crystal polyester 
is still more desirable especially. Moreover, in order to fabricate on the conditions to which liquid 
crystallinity resin, liquid crystallinity resin, and biodegradability resin do not react substantially in 
order to realize the outstanding light-gage moldability or to prevent a reaction, it is desirable to 
close the end group of liquid crystallinity resin and/or biodegradability resin. 
[0059] Moreover, 3,000-800,000 range has [ a continuous glass fiber pellet ] the desirable 
number of filaments of the carbon fiber which constitutes it. Less than in 3,000, productivity may 
cause a cost rise low or may cause a process trouble by a fluff etc. from the thinness in a 
covering process in the process which covers a carbon fiber bundle. If 800,000 are exceeded, 
since a strand will become thick, it is hard coming to carry out sinking in by resin with melt 
viscosity lower than the resin and biodegradability resin which have biodegradability, and the 
front-face nature of mold goods, kinetic property, and conductivity may fall. 500,000 or less 
200,000 [ 10,000 or more ] or less are 100 or 00 or less still more desirably still more preferably 
more preferably. 

[0060] Next, the electric resistance which is the description of one pellet for injection molding of 
the mode of the molding material of this invention is described. In the pellet for injection molding, 
it is desirable that the electric resistance value RL (property (E)) of the longitudinal direction of 
a pellet is 1x102ohms or less. When RL exceeds 1x102 ohms, it is not only inferior to the kinetic 
property of the mold goods obtained, but it may be inferior to conductivity. The die length of the 
carbon fiber in a pellet is short, or this means that the carbon fiber is not distributing good, and 
originates in the die length of a carbon fiber being still shorter similarly, or the carbon fiber not 
distributing the mold goods which come to fabricate this good, either. RL is 1 5ohms or less 
preferably, and it is 3ohms or less still more preferably. It is especially desirable that RL is 2ohms 
or less. 

[0061] Here, when the longitudinal direction of this pellet points out the direction where the 
manufacture unit of a pellet is taken over or extruded and especially a pellet has a column-like 
gestalt, it is equivalent to the column shaft orientations. Moreover, this manufacture unit points 
out one units, such as the gestalt taken over or extruded in a production process, for example, a 
strand, a gut, and a sheet, and when especially a molding material is a continuous glass fiber 
pellet, it is equivalent to one strand. 

[0062] Moreover, in the pellet for injection molding, it is desirable that the electric resistance 
value RT of the direction of arbitration within the flat surface which intersects perpendicularly 
with the longitudinal direction of a pellet (property (F)) is 1x103ohms or more. When RT is less 
than 1x103ohms, there may also be many omission of the conductive fiber from being not only 
inferior to the productivity per manufacture unit of a carbon fiber strengthening molding material 
but a carbon fiber strengthening molding material. This means that the carbon fiber exists 
beyond the need on the surface of a pellet, and originates in arranging a carbon fiber exceeding 
an initial complement on the front face of a molding material [ a carbon fiber ] to make it exist 
beyond the need. RT is 1x104ohms or more preferably, and it is 1x105ohms or more still more 
preferably. It is especially desirable that RT is 1x106ohms or more. 

[0063] Moreover, as for the pellet for injection molding, in the following mode, i.e., the pellet for 
injection molding which consists of a carbon fiber and resin which has biodegradability at least, it 
is also desirable to fill the following property (G) and/or (H) further at least. (G) The volume 
proper electric resistance value VRL of the longitudinal direction of a molding material should be 
1 or less ohm-cm. (H) RL/RT which is the ratio of RL and RT should be 1x10 to three or less. 
[0064] When VRL exceeds 1 ohm-cm, it is not only inferior to the kinetic property of the mold 
goods obtained, but it may be remarkably inferior to conductivity. The die length of the carbon 
fiber in the pellet for injection molding is short, or this means that the carbon fiber is not 
distributing good, and originates in the die length of a carbon fiber being still shorter similarly, or 
the carbon fiber not distributing the mold goods which come to fabricate this good, either. VRL is 
5x10 to 2 or less ohm-cm more preferably, and they are 7x10 to 3 or less ohm-cm still more 
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preferably. It is especially desirable that VRL is 6x10 to 3 or less ohm-cm. RL is multiplied by the 
area of a molding material end face, and it is made to represent with the value which **(ed) by 
the die length of the longitudinal direction of a pellet in the volume electric resistance value VRL 
of the longitudinal direction of a pellet here. 

[0065] Moreover, that it is also 1x10 to three or less has desirable RL/RT which is a ratio with 
the electric resistance value RT of the direction of arbitration within the flat surface which 
intersects perpendicularly with the electric resistance value RL of the longitudinal direction of a 
pellet, and the longitudinal direction of a molding material. When RL/RT exceeds 1x10-3, since 
omission of the carbon fiber from a molding material also increase, it is not only inferior to the 
conductivity of the mold goods obtained, and kinetic property, but there are things. Moreover, 
especially when the pellet for injection molding has the gestalt of a continuous glass fiber pellet 
and RL/RT exceeds 1x10-3, it is not sometimes desirable from the field of productivity, either. 
This originates in the die length of the carbon fiber in a molding material, distribution, and an 
arrangement location not being suitable. RL/RT is 1x10 to four or less more preferably, and it is 
1x10 to five or less still more preferably. It is especially desirable that RL/RT is 1x10 to six or 
less. In addition, calculation of RL/RT is what **(ed) by Above RT, and represented Above RL. 
[0066] By the property (G) or (H), the conductivity of the mold goods obtained and kinetic 
property are excellent, and the pellet for injection molding with high productivity can be obtained. 
In this invention, the molding material which fills all of the above (E), (F), (G), and (H) can be 
mentioned as a still more desirable molding material. The mold goods which have the further 
excellent kinetic property and conductivity are obtained, and the pellet for injection molding 
which fulfills these all conditions is further excellent in productivity, and can offer certainly the 
pellet for injection molding with few omission of a carbon fiber. 

[0067] In the pellet for injection molding, and mold goods, it is still still more desirable in the 
contact resistance Rc of a carbon fiber being two or less [ 230ohms //mm ]. When carbon fibers 
contact into a molding material and electric conduction pass is formed, the more this naturally 
has much electric conduction pass in mold goods, the more it originates in conductivity becoming 
good. However, if the contact resistance of a carbon fiber becomes large even if comparable 
electric conduction pass exists consequently, the conductivity of mold goods will fall. In this 
viewpoint, the contact resistance value of a carbon fiber bundle is a very convenient parameter 
which predicts the conductivity of mold goods. The factor which determines contact resistance 
is in the description on the front face of a carbon fiber, for example, a contact resistance value 
tends to become low, so that surface conductivity is high. In addition, a surface coating, 
irregularity, and a cross-section configuration can become this factor, although it proposed 
selecting this invention by the aforementioned crystal size and the Raman-scattering intensity 
ratio as a substrate — a front face — it is still more desirable to use the carbon fiber with which 
are satisfied of the contact resistance value which originates from description. 
[0068] In addition, the contact resistance Rc here can be calculated from the electric resistance 
value when energizing the both ends of a carbon fiber bundle for the terminal stuck by pressure 
by 1 constant pressure. The example described the detail of a measuring method. 
[0069] The mold goods of this invention are mold goods obtained using the carbon-fiber- 
reinforced-plastics complex of this invention, or the molding material of this invention. As a mode 
of the carbon-fiber-reinforced-plastics complex of this invention, or the molding material of this 
invention, the above-mentioned pellet for injection molding is desirable, and the continuous glass 
fiber pellet mentioned above especially is still more desirable. In this case, in order to make it a 
desired carbon fiber content, it is also desirable to carry out the dryblend of the resin which has 
biodegradability to the pellet for injection molding, and to adjust it. 

[0070] although it is as above-mentioned that it is effective to lengthen the die length of the 
carbon fiber in mold goods in order for the mold goods which carried out injection molding to 
attain conductivity and kinetic property (especially reinforcement, impact strength) to 
coincidence — this case — especially — a process condition and an injection molding machine - 
- the effect of metal mold must be further taken into consideration. There is an inclination for 
the die length of the carbon fiber in mold goods to become long, and, as for especially back 
pressure, it is so desirable that a screw speed is so late that an injection speed is so slow that 
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back pressure is low if it says about a process condition to set it as extent to which measuring 
nature does not become unstable as low as possible. Desirable back pressure is 0.1-1MPa. About 
an injection molding machine, there is an inclination for the die length of the reinforcement in 
mold goods to become long, so that the diameter of a nozzle is thick, the cone angle of a nozzle 
is small, a screw channel depth is deep and a compression ratio is low. About metal mold, there 
is an inclination for the die length of the reinforcement in mold goods to become long, so that the 
diameter of sprue is enlarged and the diameter of the gate is enlarged. 
[0071] As mentioned above, in order for the mold goods of this invention to have high 
conductivity and kinetic property, it is desirable that the weighted mean fiber length (Iw) of the 
carbon fiber which is the reinforcement contained in these mold goods is 0.35-1 mm still more 
preferably 0.3-1 mm preferably 0.25-1 mm. Moreover, it is desirable that it is the range at least 3% 
of the weight of whose fiber length of a carbon fiber total amount is 1-1 5mm. At least 5% of the 
weight of a carbon fiber total amount is the range which is 1-1 0mm more preferably, and it is the 
range whose at least 5% of the weight of a carbon fiber total amount is 1-7mm much more 
preferably. At least 8% of the weight of a carbon fiber total amount is the range which is 1-7mm 
especially preferably. 

[0072] As for the mold goods of this invention, it is desirable that the volume proper electric 
resistance VR of the mold goods fabricated with the press-forming machine or the injection 
molding machine, especially the mold goods which carried out injection molding is 100 or less 
ohm-cm. Since this can maintain the die length of the carbon fiber in the inside of mold goods 
for a long time by carrying out injection molding of the continuous glass fiber pellet, it offers the 
mold goods which have high conductivity especially besides kinetic property. When it is the low 
rates of combination with the loadings of a carbon fiber especially following 20% of the weight, it 
is very effective for the conductive manifestation effectiveness to be remarkable compared with 
the usual pellet, and to use a continuous glass fiber pellet at the rate of combination of the 
carbon fiber of such range, in order to attain high conductivity. Of course, the improvement 
effectiveness is greatest similarly about kinetic property. A more desirable volume proper 
electric resistance value is 50 or less ohm-cm. There is the description from which volume 
proper electric resistance becomes [ the rate of combination of a carbon fiber ] 10 or less ohm- 
cm in 20 % of the weight or more especially. They are 5 or less ohm-cm preferably. 
[0073] It is desirable still more desirable that it is 20dB or more as electromagnetic wave 
shielding nature at this time, and the mold goods of this invention are 25dB or more, in addition, 
electromagnetic wave shielding nature — ADVANTEST — when it measures according to law 
and a 1GHz electromagnetic wave is irradiated at a plate with a thickness of 1mm, it is the 
numeric value which expressed with a decibel (unit dB) the magnitude of attenuation which it is 
monotonous and is decreased. 

[0074] Since it has the high rigidity resulting from a carbon fiber, the mold goods of this invention 
are ASTMD. In 790 specification (distance between spans L / board thickness D= 1 6), the range 
of 8-40GPa is [ 6mm / of board thickness / flexural rigidity ] desirable still more desirable, and it 
is good the range of 10-30GPa, and to use as mold goods of the range of 15-25GPa desirably 
especially. 

[0075] Since the carbon-fiber-reinforced-plastics complex and the molding material, especially 
the pellet for injection molding of this invention have a light-gage moldability (fluidity at the time 
of shaping), and conductivity, they can make thickness thinner than the conventional mold goods, 
and it is optimal to use as light-gage mold goods which are the range whose thickness is 0.3- 
4mm. Using the thickness of 0.5-3mm more preferably as light-gage mold goods which are the 
range of 0.6-2mm still more preferably can demonstrate the effectiveness of this invention more. 
It is especially using preferably as light-gage mold goods which are the range of 0.7-1 .6mm 
thickness. The thickness of mold goods here points out the thickness of the monotonous part 
except projections, such as a rib part and a boss part, etc. among mold goods. 
[0076] As an application of the mold goods in this invention, the electron, the member for 
electrical machinery and apparatus, etc. in light-gage mold goods asked for a moldability and 
kinetic property (especially rigidity) are mentioned. Since the mold goods of this invention can 
attain high rigidity, lightweight-izing, and electromagnetic wave shielding nature etc., they are 
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effective in the application of housing of a portable electron and electrical machinery and 
apparatus etc. More specifically, it is used for housing, such as a large-sized display, a notebook 
sized personal computer, portable telephone, PHS and PDA (Personal Digital Assistants, such as 
an electronic notebook), a video camera, a digital still camera, and a portable radio cassette 
recorder playback machine, etc. by preference. Since these mold goods have biodegradability, it 
is rare to produce the problem of trash and its environmental load is small. 
[0077] Moreover, since it has high conductivity, it is useful also to the adaptation to the member 
for which electrification/discharge tightness can be given to by little addition of a carbon fiber, 
and those properties are needed, for example, IC tray, the basket for silicon wafer conveyance, 
etc. 

[0078] Moreover, since it has the outstanding kinetic property, such as rigidity and endurance, 
and has biodegradability by using prepreg, commingled yarn, a union cloth, etc. as a molding 
material, even if it discards after no more use, a golf shaft with the small load to an environment, 
a fishing rod, a racket, etc. can also be obtained. 

[0079] Moreover, the recovery approach of the carbon fiber of this invention is because resin is 
removed from the carbon-fiber-reinforced-plastics complex (a constituent or molding material) 
which comes to contain a carbon fiber and the resin which has biodegradability, or mold goods. 
There are the chemical preparation approach which dissolves or removes [ decomposition ] resin 
with chemicals, such as a thermal art which disassembles resin at an elevated temperature, an 
acid, alkali, and an organic solvent, a biodegradation-art which removes resin according to 
biodegradation in the approach of removing resin. Of course, these approaches may be combined 
with arbitration. It decomposes and is easy to dissolve the resin which has biodegradability with 
that combustion energy is comparatively small, an acid, alkali, an organic solvent, etc. For this 
reason, carbon fibers can be collected, there being little energy expenditure and also keeping 
comparatively high the kinetic property and electrical characteristics of a carbon fiber also with a 
thermal decomposition method. Moreover, it is hard to produce the problem of waste fluid also by 
the approach using an acid, alkali, etc. Especially, carbon fibers can be collected from the 
carbon-fiber-reinforced-plastics complex mold goods of this invention, keeping kinetic property 
and electrical characteristics high. However, since resin can be removed without the problem of 
energy expenditure and waste fluid not arising, but falling in most of the kinetic property and 
electrical characteristics of a carbon fiber, the approach by biodegradation is the most desirable. 
The concrete removal approach of resin by biodegradation has the approach of being buried into 
soil, being immersed underwater. By these approaches, several weeks, later, decomposition is 
begun and it will be completely decomposed from whenever, in one year - several years. In the 
soil which bred the microorganism, and the culture medium which bred the microorganism, since 
disassembly of resin is promoted, it is desirable. 
[0080] 

[Example] Hereafter, an example explains this invention to a detail further. The evaluation criteria 
of a carbon fiber or mold goods and its approach are described below. 

[0081] (a) It measured on following equipment and following conditions on the basis of the 1 17th 
committee of crystal size Japan Society for the Promotion of Science of a carbon fiber, carbon, 
36 volumes, and the approach indicated by 25 pages (1963 annual publications). 
[0082] - Sample adjustment : the carbon fiber was cut in die length of 4cm, and weighing 
capacity of the 20mg was carried out, and the prism with die length of 3cm, a width of face [ of 
1mm ], and a depth of 1mm was produced with metal mold and a collodion alcoholic solution, and 
it considered as the test portion. 

[0083] - It measured with the transmission method on condition that the following in a wide angle 
X-ray diffraction method. 

- X-ray generator: X line source by Physical science Electricahand-electric-equipment 
Company ; CuKalpha (nickel filter use) 

output ; 1 second and, and analysis approach: — it asked for crystal size using the formula of 
Scherrer from the full width at half maximum of the indices of crystal plane (002) obtained by the 
transmission method.;40kV20mA and goniometer: slit system [ by Physical science Electrical- 
and-electric-equipment Company ]; — 2mmphi pinhole collimator length slit 1 degree and 
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horizontal slit 1 -degree detector; — a scintillation counter and direction measurement of the 
equator: — scanning method (2 theta/theta); — step measuring range ; 10-40-degree addition 
time amount 

L(hkl) =K lambda/beta OCOSthetaB, however average magnitude of a direction perpendicular to 
L(hkl); microcrystal (hkl) side; crystal size [nm] 
K:1.0 (a form factor, constant) 
lambda : wavelength of an X-ray [nm] 
betaO: (betaE2-beta1 2) 1 /2[rad] 

betaE: Apparent half-value width (measured value) [rad] 

beta1:1.05x10-2[rad] 

thetaB: Bragg angle [rad]. 

[0084] (b) It computed by the diameter of average fiber following type of a carbon fiber. 
Df=[(Wx4)/(Nxrho fx 100x3.1 4)] 1/2x10000Df: The diameter of average fiber (micrometer) 
W : fiber bundle weight per m [g] 
N : the number of filaments in a fiber bundle [a book] 

rhof : The specific gravity of fiber and the diameter of average fiber of the above-mentioned 
carbon fiber were measured also by the following approach. This approach is an approach of 
observing and asking for the cross section of the carbon fiber in mold goods. - It asked for area 
by the image processing by the computer from 200 fiber cross sections extracted at random, and 
the diameter [mum] was computed by the following type from the area. 
Df=(Sx4/pi) 1/2Df: The diameter of average fiber [mum] 
S : the average cross section of fiber [mum2]. 

[0085] (c) The Raman spectrum of a Raman-scattering intensity ratio carbon fiber was measured 
by laser Raman spectroscopy. 

[0086] Measurement of a Raman spectrum was measured about the carbon fiber which carries 
out embedding of the mold goods, grinds them in an epoxy resin, and is exposed to a polished 
surface. Moreover, the Raman spectrum of the depth direction from a carbon fiber front face 
was measured by scanning laser in the cross section of the carbon fiber exposed to the polished 
surface. 

Measuring condition It is analysis about the Stokes line. Equipment: Ramanor T-64000 (product 
made from Jobin Yvon) 

My KUROPU rope Beam Splitter: Right Objective lens: x100 The diameter of a spot: About 1 
micrometer Light source: Ar+ laser [5 145 A] 

Spectroscope Configuration: 640mm Triple Monochromator Diffraction grating: Spectrograph 600 
gr/mm Distribution: Single 21 A/mm Detector CCD:Jobin Yvon. 

[0087] (c) Measurement was presented with the test piece with a width-of-face [ of 12.7mm ] x 
die-length [ of 65mm ] x thickness of 2mm which carried out injection molding in the volume 
proper electric resistance VR fan gate by the absolute dry condition (0.1% or less of moisture 
regain). First, since a conductive paste (dotite by FUJIKURA KASEI CO., LTD.) is applied to a 
width-of-face x thickness side and a conductive paste is fully dried, the field is stuck to an 
electrode by pressure, and an inter-electrode electric resistance value is measured in a 
multimeter (product made from FLUKE). The value which subtracted contact resistance, such as 
measuring equipment and a fixture, from said electric resistance value was multiplied by the area 
of a conductive paste coating side, and, subsequently what **(ed) the value by test piece die 
length was made into the volume proper electric resistance value (a unit is omega-cm). In 
addition, injection molding was performed with the cylinder temperature of 260 degrees C, and 
the die temperature of 70 degrees C. 

[0088] (d) Say what was represented with the average of the electric resistance value measured 
about the molding material of five electric resistance values RL according to the following 
procedure. 

(1) First, grind each end face of the longitudinal direction of a molding material at least 0.2mm 
until it becomes a flat surface with a sandpaper (less than [ #400 ]), respectively. 
[0089] (2) subsequently, apply conductive paste (Japanese Atchison Electrodag415) to the 
ground each end face, and dry it on 25 degrees C, the humidity of 50%, and the conditions for 
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about 30 minutes. 

[0090] (3) Finally, the resistance between two points of the end face is measured 3 times with a 
digital multi-circuit tester (ADVANTEST Make R3581), and let the average be the electric 
resistance value RL of the longitudinal direction of the conductive fiber strengthening molding 
material. 

[0091] (e) Say what was represented with the average of the electric resistance value measured 
about the molding material of five electric resistance RT according to the following procedure. 
[0092] (1) Measure the resistance between two points of each end face of the direction of 
arbitration within the flat surface which intersects perpendicularly with the longitudinal direction 
of a molding material with a digital multi-circuit tester (ADVANTEST Make R3581). 
[0093] (2) Similarly it measures at least 3 times in a different location, and let the average be the 
electric resistance value RT of the longitudinal direction of the conductive fiber strengthening 
molding material, and a perpendicular direction. 

(f) the value which subtracted contact resistance values, such as measuring equipment and a 
fixture, from the electric resistance value of the both ends to which the conductive paste of the 
test piece which has the volume resistivity value VR rectangular parallelepiped configuration was 
applied — the edge aspect product of said test piece — taking advantaging — test piece die 
length — **** — compute by things. In this invention, the unit used omega-cm. 
[0094] (g) It asked from the average of the electric resistance measured according to the 
following procedure about the carbon fiber bundle chosen as the contact resistance Rc 
arbitration of a carbon fiber. 

(1) Measure the electric resistance value between two points of the longitudinal direction of a 
carbon fiber bundle by the digital multi-circuit tester ADVANTEST CORP. make R3581. 

(2) Measure the electric resistance which changed distance into 50,100,150cm for two points. 

(3) Extrapolate the electric resistance from which the electric resistance of three points is 
plotted in a graph, and for two points is set to 0cm. 

(4) The value which **(ed) the electric resistance of 0 cm with the cross section of a carbon 
fiber bundle was set to Rc [omega/mm 2]. 

[0095] In addition, the part which grasps a carbon fiber bundle grasped the carbon fiber bundle 
by chuck ** of 0.05MPa(s) by the metallic chuck with a diameter of 20mm. The configuration of a 
carbon fiber bundle was taken out so that the thickness or width of face of a thread might not 
change from the bobbin marketed, and it was grasped by the chuck in the condition as it is. 
[0096] (h) Flexural rigidity EASTM D The flexural rigidity based on 790 specification (distance 
between spans L / board thickness D= 16) estimated (a unit is GPa). The board thickness of the 
used test piece is 6mm thickness, and the trial was presented with it at 0.1% or less of moisture 
regain. In addition, injection molding was performed with the cylinder temperature of 260 degrees 
C, and the die temperature of 70 degrees C. 

[0097] (i) Izod impact ASTM with a notch D The IZOD impact strength with a mold notch based 
on 256 specification estimated (a unit is J/m). The board thickness of the used test piece is 
3mm thickness, and the trial was presented with it at 0.1% or less of moisture regain. In addition, 
injection molding was performed with the cylinder temperature of 260 degrees C, and the die 
temperature of 70 degrees C. 

[0098] (j) Fiber length Iw calculation extracted the filament of a carbon fiber from mold goods at 
least 400 or more to arbitration, to 1 -micrometer unit, measured the die length with the optical 
microscope, and computed it using the following (formula 2). However, fiber length and Wi make it 
as the weight of the carbon fiber of die length li, and Iw makes nickel the number of the 
components (F) of die length li. 

(Formula 1) Lw^sigma (Wixli) / sigmaWi (formula 1) can be expressed like (a formula 2) to the 

carbon fiber of a fixed diameter. 

(Formula 2) Lw=sigma(nickelxli2)/sigma (nickelxli) 

The extract of a carbon fiber was immersed in the nitric acid 70%, heated mold goods at 80 
degrees C, and was performed by carrying out decomposition removal of the components other 
than a carbon fiber. 

[0099] Hereafter, an example and the example of a comparison are explained. These results were 
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collectively shown in Table 1. 
[Table 1] 
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The acrylic fiber of staple fiber denier 1d and 24000 filament numbers was obtained by the wet 
spinning approach using the copolymer which consists of [example 1] acrylonitrile 99.4 mol % and 
0.6 mol % of methacrylic acids. Having heated the acquired fiber bundle by the draw ratio 1 .05 in 
air, having converted it into fire resistance-ized fiber under the temperature management 
conditions within the limits of 240-280 degrees C ( and carrying out a temperature up to 300- 
1 300 degrees C in nitrogen-gas-atmosphere mind subsequently, it heated and calcinated by the 
draw ratio 1.00, and the carbon fiber was obtained. Furthermore, electrolysis processing of this 
carbon fiber was carried out in the sulfuric-acid water solution with a concentration of 0.1 mols 
[/I. ], and alcoholic meltable nylon (Amilan CM 4000, a trademark, Toray Industries, Inc. make) 
was made to give as a sizing agent further. After sizing agent grant let the carbon fiber bundle 
pass in 1% methanol solution of CM4000, it was performed by drying and removing a methanol. 
Coating weight was 1.2%. Thus, strand on-the-strength 5000MPa, elastic-modulus 240GPa, and 
the fiber cross-section diameter of the obtained carbon fiber were 7 micrometers, eyes 1.6 g/m 
of a carbon fiber, and specific gravity 1 .80. 

[0100] On the roll heated by 130 degrees C, a terpene phenol polymer (the addition product of a 
monocycle type monoterpene phenol and a phenol, YP902, a product name, the Yasuhara 
Chemical make, weight average molecular weight 460) is continuously given to a carbon fiber, 
cover printing was added in the ambient atmosphere heated at 180 more degrees C, and the 
polymer was infiltrated into the carbon fiber bundle. The amount of the polymer to the whole 
complex which consists of a carbon fiber and a polymer was 15 % of the weight. 
[0101] The polylactic acid (Lacty #9000, a trademark, Shimadzu Make) which carried out melting 
of this continuous complex at 230 degrees C into the die from through and an extruder into the 
coating die for wire coverings installed at the tip of a single screw extruder with a diameter of 
40mm was made to breathe out, and polylactic acid has been continuously arranged so that the 
perimeter of complex may be covered. This was cut into die-length length of 7mm by the strand 
cutter after cooling to near the ordinary temperature, and the continuous glass fiber pellet was 
produced. The molding material manufacture so far was made according to the continuous 
process, and the taking over rate of a carbon fiber bundle was a part for 30m/. The configuration 
weight ratio of a continuous glass fiber pellet was carbon fibenterpene phenol polymerpolylactic 
acid =35:6:59. 

[0102] The dryblend of the obtained continuous glass fiber pellet and the polylactic acid pellet 
was carried out so that the weight fraction of the carbon fiber in mold goods might become 30 % 
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of the weight, and injection molding of each trial given in (a) - (j) term was presented with them. 
A test result is collectively shown in Table 1. 

[0103] The acrylic fiber of staple fiber denier 0.8d and 24000 filament numbers was obtained by 
the wet spinning approach using the copolymer which consists of [example 2] acrylonitrile 99.4 
mol % and 0.6 mol % of methacrylic acids. Having heated the acquired fiber bundle by the draw 
ratio 1.05 in air, having converted it into fire resistance-ized fiber under the temperature 
management conditions within the limits of 240-280 degrees C, and carrying out a temperature 
up to 300-1 800 degrees C in nitrogen-gas-atmosphere mind subsequently, it heated and 
calcinated by the draw ratio 1.03, and the carbon fiber was obtained. Furthermore, electrolysis 
processing of this carbon fiber was carried out in the sulfuric-acid water solution with a 
concentration of 0.1 mols [/I. ], and the sizing agent was further given by the same approach as 
an example 1. Thus, strand on-the-strength 5500MPa, elastic-modulus 300GPa, and the fiber 
cross-section diameter of the obtained carbon fiber were about 5.6 micrometers, eyes 1.00 g/m 
of a carbon fiber, and specific gravity 1.74. 

[0104] A continuous glass fiber pellet is obtained by the same approach as an example 1, and the 
evaluated result which carried out injection molding still like the example 1 is shown in Table 1. 
[0105] It calcinated heating the burning temperature in the inside of nitrogen-gas-atmosphere 
mind by the draw ratio 1 .05 at 300-2200 degrees C in the [example 3] example 2, and the carbon 
fiber was obtained. It sizing-agent-gave with electrolysis processing by the still more nearly 
same approach as an example 2. Thus, strand on-the-strength 4300MPa, elastic-modulus 
360GPa, and the fiber cross-section diameter of the obtained carbon fiber were 5.2 micrometers, 
eyes 0.93 g/m of a carbon fiber, and specific gravity 1.76. 

[0106] A continuous glass fiber pellet is obtained by the same approach as an example 1, and the 
evaluated result which carried out injection molding still like the example is shown in Table 1. 
[0107] The acrylic fiber of staple fiber denier 1d and 24000 filament numbers was obtained by 
the wet spinning approach using the copolymer which consists of [example 1 of comparison] 
acrylonitrile 99.4 mol %, and 0.6 mol % of methacrylic acids. Having heated the acquired fiber 
bundle by the draw ratio 1 .05 in air, having converted it into fire resistance-ized fiber under the 
temperature management conditions within the limits of 240-280 degrees C, and carrying out a 
temperature up to 300-900 degrees C in nitrogen-gas-atmosphere mind subsequently, it heated 
and calcinated by the draw ratio 1 .03, and the carbon fiber was obtained. Furthermore, 
electrolysis processing of this carbon fiber was carried out in the sulfuric-acid water solution 
with a concentration of 0.1 mols [/I. ], and the sizing agent was further given by the same 
approach as an example 1. Thus, strand on-the-strength 1500MPa, elastic-modulus 110GPa, and 
the fiber cross-section diameter of the obtained carbon fiber were about 7 micrometers, eyes 
1 .7 g/m of a carbon fiber, and specific gravity 1 .70. 

[0108] A continuous glass fiber pellet is obtained by the same approach as an example 1, and the 
evaluated result which carried out injection molding still like the example 1 is shown in Table 1. 
[0109] The acrylic fiber of staple fiber denier 0.8d and 24000 filament numbers was obtained by 
the wet spinning approach using the copolymer which consists of [example 2 of comparison] 
acrylonitrile 99.4 mol %, and 0.6 mol % of methacrylic acids. Having heated the acquired fiber 
bundle by the draw ratio 1.05 in air, having converted it into fire resistance-ized fiber under 240- 
280-degree C temperature management conditions, and carrying out a temperature up to 300- 
2400 degrees C in nitrogen-gas-atmosphere mind subsequently, it heated and calcinated by the 
draw ratio 1.03, and the carbon fiber was obtained. Furthermore, electrolysis processing of this 
carbon fiber was carried out in the sulfuric-acid water solution with a concentration of 0.1 mols 
[/I. ], and the sizing agent was further given by the same approach as an example 1. Thus, strand 
on-the-strength 4000MPa, elastic-modulus 470GPa, and the fiber cross-section diameter of the 
obtained carbon fiber were about 5.2 micrometers, eyes 1.0 g/m of a carbon fiber, and specific 
gravity 1.80. 

[01 10] A continuous glass fiber pellet is obtained by the same approach as an example 1, and the 
evaluated result which carried out injection molding still like the example 1 is shown in Table 1. 
[01 11] When examples 1-3 used the carbon fiber of the range where crystal size and the Raman 
intensity ratio are the optimal, conductivity was able to obtain the good and high mold goods of 
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kinetic property. On the other hand, in the examples 1 and 2 of a comparison, it is inferior and 

mold goods could not be carried out to conductivity and kinetic property. 

[0112] 

[Effect of the Invention] according to this invention, an environmental load is small, even if it has 
biodegradability and is discarded — in addition, the carbon-fiber-reinforced-plastics complex and 
molding material mold goods with which the mold goods which have high conductivity and kinetic 
property are obtained can be offered. Furthermore, since especially the mold goods of this 
invention can begin housing of electronic equipment etc., it can be used for them suitable for the 
broad industrial field which needs said property and they have biodegradability further, there are 
few problems of the trash after no more use, and its environmental load is small. 
[01 13] Moreover, carbon fibers can be collected, keeping kinetic property and electrical 
characteristics high pressing down energy expenditure few removing resin from the mold goods 
which come to contain a carbon fiber and the resin which has biodegradability, and by removing 
resin according to biodegradation especially. 



[Translation done.] 
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ifi= < fcy±2 0cm-isa*»^*^fc* < *6^ r « 

[0018] Z(DJ:5ft«tt**^6»*tMl*ffl^fc 

snjitt^ b tnntizttmv fc* 0 

[0019] *^4ft*«*tfcLrii, fo-^lW 

5#I4. Rs1 (II /13) ^ 0. 6-0. 93T? 

«H4<«IBr**i^"*"^ct36<*y. lS^p a o^#mtt^^ 
*Wt*<«T^«»*^**.'»*L<ttO- 6 6- 
0. 9. *&HB*L<l*0. 67-0. 8 5(DIgHI^ 

0. 6-0. 9 3ommft<Dfcmmm£ft^t~%* 

[0 0 2 0] *fc. ^***««ti:Lra>S(CDaiR* 
;4<7)-Ol*, 77>v7H 4 80 cm-^iSl:S*l4 
5"7>*aa*©a'Mil2 77>v7h1580 

cm-i^ifiica*i45"7>»a»sa)a*ffli 3 <t<^ 

7>»a»JSttRs2 (I 2^ I 3) *^ 0- 0 3-0. 
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72.M£L<I40. 05-0. 7. MI=M*L<I* 

o. o7-o. 6 8®«BBic&*ftXtt«t£SftiTtt 

[0021] frfr&mmmti. o*y rs 2 *< % 0. 
03-0. 7 2<Dmm\-foz>8immmt. "tnmmtto 

ftftlM&attam&SIM*. mttt&T*mtRLtzt<D 
•*tBart?fcy, Rs2A<0. 0 3 BLT0)«*l** ft 

r. ft»wia««iBf**i*r<* ftoTjs^cDgmti 

*>*^*tt*<«TL»*L<ftl\ *fc* 0. 7 2iU± 
■ei*ft*Wti#(D»tt3b<»<. *fc, ft*«Mt<D* 

CfctfHMKft*. *«WI=*5l^T, *&I=»*CL^ 

**s*a>ft*wti:Lr. Wi (C) fcj:tf/f:fctt 
(d) $»fc-r*a)*<feif b*i*o 

(C) : ftX»tt£B£ ftjftf)^ WttSl!iJSJt(DJtR 
s1/Ri 1tf0. 7-1. 3(DSQH-Cfc>i>o 

(d) : mmmmmmtftmn^^ymi&mftottR 

s2/Ri 2^0. 7-1. 3<DBBt?&*o 
[0022] Ri 1 = I 4/ I 6* Ri2=l5 

/l6tfc^)o 

[00 2 3] f:f;L, I4 : 77>v7 M 3 6 0 cm 
-1ttifilia*i*tt*a*t«B^6 2 ^m<D;1jt£(DftS<7> 

I 5 : 77>v7 h 1 4 8 0 c m'lfff 3fil = 3a*LSft*« 
tt«B**6 2 /inKDSgSOiiatD^^VtkaMJtaJffi/h 
ft. 

I 6 : 77>y7 h 1 5 8 0 c m-1ttifil::S*l6ft*» 

ttSBrt* 6 2 m(D;S $ (DteS<7) 5 7 >tkSL*Ka)a* 

[0024] ftfc\ fTEW* I 6'4. 

/<— 77^f >tiIE<tl4. 6 0 0 c m-1- 2 2 0 0 c m"1 
07?>*>7 H6Bl=fcl*"C, 77>7s^HKD^<- 

*7-f >£ttttifi<au •^(DifittlE^6(7)S&ilS : 7'7 
XBSLBUStU ilSBlO^-A^-f >fl)«#t*|jEt 

[0025] *fc. ftftl*ft*ttftftB£Bftttl=9Mi 
S<«|fiJlcfc«zi^6. ■C**f£ltft«mi«Ba)*JR 
«RI4«1*C4:*<»*LI\ $6lc, ft£IM£ft*« 
SttfStt L fc <t # IC , (D ftttttft A<« L > Z t tfflLM & 

T?**<*fcU C*L^/$^ 0 n n (^^mtt(D?lg^£^-r 



Tl**. tC54<, ft*«*<D«J6XST?l*. 

B*fcl47;u* >j«m*Sift4> a e«MBA 
8 * * i 6 1= tt* -f v > *»UBS A<attfTfc*iT * . 

*?*is«iarfc6A^ ffia«o>aBoefittia:«TLT 

l***£A<£ < . C(D J: 5 ir«B14AMS < ft* - £ 14, 
»«ttttTttfc61-tfl)"C*y»*L<ftt^ *£ 0 ^ 

irt»*7-7>»a»ftit-eit«L, ±Jfcfl)SMt**E 

+*to>*a«i-*^i:i=*y* a»ft«tt*ssL 

T»*Cfc#T?#*C£#Jll**:Lfc*0*fc*. tft 
^Rs 1 /R i 1 fc<fctf/*fcl*R s 2/R i 2 
0. 7-1. 3<&ffiH-Cfc*C£*<»£Ll^ ckU» 
£L<I40. 8-1. 2 0>ea. £6lc*f£ L< I40. 
9-1. ia)IKHI=**ft*»Nlt?**. tft*?%. R 
s1/Ri 1 fc«fctf/*fcI4R s 2/R i 2rf><, 0. 7 

-1. 3<DiBH^a)ft*«lt*ffli^fci|#i3i*, #111 

iST0)WHI=ft*-i:3!i < **fc*)»*L<ftl^ 0. 7 
*aa)ft*»tt(*. 5L^<D»IR»ttfl)*KA<2l«iair 
ifil*t,<DT*fc*::£fr6, fltiigt©S(li«i:J:ot 
ft*«tt#«l8r* *i*+ < /S^p D p^^mtt^±i^^ttA< 
<£< ft y *Sfc#>»£ L < ft IV Jt«t»Bfr 6 2iimd) 

a$(Drt»oj»iB«ai*aB»afti:ic«j:or**wi= 
ftfcLfti*fc». . ft*«*rtl0*tttt»*B»-*"* 

sa«?Lfca*r*fc*o 

[0026] ±E«tta>i-'<r *a»fc+l**a)ft*«*i 
KftttltftitttBftfti* * c i *«-e sr * 

t,<0T?fc*fctf>Hi»*LlV 8ft^-<Xtai(D77 
>33lg$6lcl4ft^$tW®<7) : 7'7>tkSL5lgr*a^L 

fcftftft«£ffll*fc»*l** «£l::**W<D»B£BE 

r*ft»WISIft«Btt*#*a*t-*ci:3i«-C#*« 

[0027] **W<Dft*ltftli7^u;Ujfi«lt. \£v 
U»3>»t«*»i:-r*Cfc4<-C*43S«. t#!37^ 
y □ - h «J ;u*±J5E»i: LtzTV l ) ;uS»«^6»ift* 

*«*iT*>y»*Ll*. 7^y;uS«Htfc LTI4BjK<b 
SltSffiitl"*^^ V— LfctO)*<»* L 

$1 y ;uKfc«fet/**i60)y^;uxx7-;u, x^^uxx 

^;U, t°JUxx-r;u. 7n>A'JftB», 7>^-^7 

Att. fc*tM*7y;ux;u*>u. ^^y;ux^u^> 
IS, x^u>x;u7fx>g$; fc«kr;**L6©7;u*y4B 

tg»^±lf*Ci:/)<T^*A<CCDPgy-ei4ftl>o ^*7? 
ai4Satt*a^ttaatt*S**Bffl^*^i:* < »*^ 

L^»tBSS*i*ta)-ci*aL\ 
[0028] 7^y^*ft*«ttti*. 7^yn-hu;u 
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jf$t£2 oo~4 0 o°c<D2§i3?Hm*T'aQ8>LTHjJi 
ftlt*i=ls»f*H«<biat. **. ^'JOA. 7;u 

*ftftxa*«*cfc - e#?>*i* (itjiUblfligUbl 

mztbfr-eTtftmxmtvf-*-) . 7$y;n»Ht©tt& 

©5;iA<ffil^b;h.i>. #&ljilTftffi*Slfc*«ltl4. 7 
* y;H&$i$t£iWaHbL. jfcin?flHb-rS5R8i: LTI4 

1 0 0 0°C~2 3 0 0°C£tIffl-f-5C£A<»£L.U. » 
SL<I41 2 0 0~1 9 0 0°CX-$>i>o 1 000UU 
ttnajKTN*. lttfT4l*«*-fX4«#h4<. MIS® 
Jf ett©#SttAM£T-f -SCirtffcy, L^t*^14 
AM£<ft-5C£j!><a&y. 2 3 00lCj:yKL^fiT?l*. 

ishm xa<*£ < * y . «*«fti(*©»«tettAtf 
r***<. % < ft y»tt*»oaiiB*©J9 

[0 0 2 9] *8lpjTm^Bft3&MHtl4, 
> K3ISllf1iSA<2 0 0~4 50GPat*4Ci*fff 
X h7>K5l»5ltt**<2 0 0GPa*y«l» 

A<^£-fi>C<tA < fe t J, 4 5 0GPa«fcy*l*i|£l4, 
«atfWtt«»ft if<D»l=^^ 'J a.— »-eattl Lfci # 
l=ft*l«t*<WBr**ifcy. $Bg|g£<*. fc^tf*©)* 
fl* 0 a p©3imt±£$£ LTWWfiC fc *<B»=« ofc l J 

i>CtA<Blllcft*Ci:A<i5-5. L < 14 2 2 0 G P 
a Jal±3 5 OGP alilTT'feS. 

[0030] $fc. *fii3-effliNP,*i.i>^«$ti*, K 
*«Mtaft»*tt***:*l= 1 0~6 0ll%©8ift 
**lTl>4Ct*<»*LL^ (J:U»*L<I*1 0~40 
M%, MIC*?£L<I41 5~3 5fig%. fttff*L 

< i* 1 8 ~ 3 3 m%) . 1 o as°/o<fc y ist^atffia 

fc<):lf:-E-©lS»Jp D p©3ig. Mtt. W«tt. W=« 
®->-;u KttA<«T-rSC t A<&y . £tc6 OSft%£ 
ji**.*.*:. Jdt»B*0>SMMt*<«"FU «S.K»ffl«»B# 
l=*H**eT-fl=«W*fcf*tf*£l=A«-C*ftl^ 

[003 1 ] »l»*Wrt*tttW#-*"*fcftl=l*. »* 
L<l43IS«Br#«A<l. 5 9Ml±, *y»*L<l*5l 
3§«Sr#JlA< 1 . 7 %U*±. Sicff * L < I41I3SWBH* 
KA<1. 9%a±0«*Wtt»t»*©* f J:l*. **W 

SftMiri45%*iST'fe'S)C<!:A<W^ Ll>„ 
[0 0 3 2] ft*ttft0S9iA3£ftt=l*. SPAS. 

14. KB. l^St. *IM*©B«il^P. h U "7 



ft. 7>*-7. *fctt. IHthU-JA. ftlft**-*- 
hU4A*0MIJML MH-hUW. S*tBth 

/<'J -5AJ£fci>lM4fl!!©&II*g. fe*^^-^ 
A*, $fcl*b h*7v>«b h'7v>fl)Mi. *1b 

[0 0 3 3] ftMmtO-V-'f 5?>y«t LTI*«I=*HB 
A<ft<. ffi^S«*tl=ffl^b*lT^5=t©A<*f*L 

<. ?hy -y^xfflBiicfflt^cDirpafeii^tt-? h'j 

•v <? 7. (US! fc figtt * =Tt £ £#f?tt £ * 1MB! . x 

[0034] ;MBn®.t*aitaibttB««{$i=&itT 
s^ttfy t*-;u7;u3-^^#tiaBijajS ! Bs. 

7tf-h, 1. 4-^>^-;Ut3/^lti:©»i 
t*. #J*.I4\ 1, 4-'7' : $!>i;^— =i/N^Bi:<0 

ss*«i^!fei<D^jt lti4. a*s-i< (aaasa. bsiq 
i4. ^7^-t;u (sans, if a Mt^xm (*> 

8) , h-> (gtlKS. a-4>A-/W KW ft 
t\ ^yfLK©Wi: LTI4, xn^U-f (fifSlSa. * 

8) , L/-fv7 H#1b^ (*) 8) ftt*A< 

»lf b+l^o 

[0 0 3 5] ±#«tt**1-**»l=l*. JBHUbttWII 
t8fiWffl14«BiA<fc-l»A<. St^ffJ-y-'f ^;UT?fiE»A«nF 

[0 0 3 6] *fc. *ftfc*¥Mfctt***«fcftl= 
14. ft*«Htt©»»ttl=^C*i4±»f?tt**1-** 
BIA<!2>S<!:ft-SA<. C©^T-I47 5 K«^fe*tM4xx 
x;^^^*-r-s«}fliA<» « L < . 5ft«BS©* 
1?l4^y?LKA^bl=ff*LLV 

[00 3 7] *3§WI=*5l>TfflL^ r^UfLitj 

«»*#*©a*y?Li«. ^y?LK&l/?LK-t 

TI4, flKS&l/t Kn+vA^^S^A'fflt^^ 
*. ¥L»«a>JH*«lt LTtt, L-IIK, D-?LK. D 
L-?LS8XI4*-*ib<D;I£#k XI*. fLiS©Stt2a<* 
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14. yU3-;UBL 3-tKP*->Bi, 4-tKO* 

SL 6-fc KP*?/*^*>llt*lf*wi:3S«-C*. $ 

yy3-;uBa>2*{*T?fc4(/y3 7-f K*>6- 
t Kp*v* >8©a«i^f W *4 e -*^a 

14. 7>^I^tfeott, ?P7*Ifi#tl* 

ll)a±(DiS££i+T^4c<ht-e£4o 
[0 0 3 8] TK'JMftaftlVttJKFB (Mw) 

L^. -fl£^lc(4. (Mw) £LT. 1 

7d~5 0?5#»*L<* 3^~4.0 73*<«fcy»£L<. 
575-3 0^A<*blc»*Ll^ -«WICI4. 

(Mw) 3b<i^*y/J^t^*^ «*MfcttA«*» 

Bittftofcy. Testftofcyrsa^**- 

[0 0 3 9] ##SBj3T?l4. ft««tt££*-f 4C£l::,fc 

lis PL 7;uS-^A, -y>r;u. /^7vW, IS. x 
BlbB. BHb^>v^A. SHb? D \ 8Mb* 
-f*L ©Hbv;uzi-^A, j^b^£ >ft£f£. 
B (#)*I4\ 71/- Btt« tf-X. tilt. 

[0 0 4 0] Sfc. *»»1lS#"r4«BBI=. &M£']<!: 

T-ifs^. ttRTBi±«Btt^ 4 

fc, Battel*, ^p a ocop]t±^fSi±$#^g^t?ia^ 
**t*»*^*t^. ±#*tt**-r4«Bi^ it 

mm, BBttBAflL IHbRfiitftJ. BS&flk BftftB 

<b« ft t* * E^-T 6 C i: t Riffi-e * 4 o 
[0 04 1 ] *£«0ft£ftBBft:WBttft1ti:H:* ft 

+ l=ft*ltlt3&<St«±-**nicEfil LfcBB* 
-t (DERI L fcftBBttififti::* 3 L TEB 

S*ifc»Bftif*«»lf &*i*^W=BJE**i*t»©t?l* 
ftl> 0 Si. itlOSHt -«lci*«ffittfiE«iP?» 

lc»Jg|cffli^*i-&tO)-Cfc**<, ftlc»S$*i4i0) 



T-I4ftl* 0 

[0 0 4 2] **W0)dc«*J»l4, HdW^ EttJ* 

LfcttDSffll^S^ft^o fiE»»8l=l*. **W0ft 
*WI5«b«««*#fr 6 ft K ?l 
B*. K K 
«*ttftiflc±jM!lttt*f 4»B*#a**t^ttf*» 

feSM*. £5MHt**+*BB*B*LT»&*i4« 
B*fcft**B*fc*&»&4i4XB*ft£*- t£*fttt 

[0043] waidtwffl^u^ h<tLTi4. ft^attt 

±»»ttt*r4»«fe.kt;B*nMftiftil**fctt2 

H©flaJ«T?»BEBLT»LfflU S fcCuMEIOfcC 

»»tt**r4«B-ettai*fci**aiap-fr^ 

*^*Rll*lilSB-a>KB»*"eB«**ft4l=*^ ^ 
[0 0 4 4] *3EW©ft«B*taHb«BB*#fc*tf* 

»*m, wicjtaastBffl^u^ K£j*^LTft4JiM&n a B 
») ^^«s^4fc^>ic[4. rt^a+©ft*aiii<oft* 

■CI*#6#iftl^»Bttt**»tt*»*fc»l=l*» ^ 
(D^l^v KD+T?t*BB^Uf h(Dff^S^<!:4C<!:A< 

[0 0 4 5] JlBlt^Uv ht«rt1"*ft«BB 
CD^ft!4. i - 1 Omm(DB5B-Cfc4C£rt<#*Ll* 

(*y»* L<l*3-1 0mm. H(C»* t < 14 5 - 9 
mm) o 1 mmcfcy^l^l4^p a p + ^^mSi*t^^ 

$A<S<. agmti, ^M^14A<«T-T4Ct^fcy. 
1 o mm* yfi^*^l4S4tlifiE^-r 4 t^OStBtt*** 
< *»ft<Dn«Tft*>ft*B«©»ll|[tt«TI= *4*« 

[0 0 4 6] *»B"C^3«iB'<U^ hfcl** 
!f#^8B6 3 - 3 7 6 9 4#&«lzS?£*l4«fc 5ft* Btl 
A^U^ KDi^ftl^BlSWI^EML* ^<b^ K + 
0)Wta)**^U^ KftStlSlSH-. tL<!4^^ 
W±r*&4 / <U*v h36<#**t4t0*fS*ro 

[0 0 4 7] ^BaFtlfcftBB^b^ 

If. (i) ttB©x^;ue;a>, W05a>. 58* 
fc4LMi»B«B0)Aofc*a«*tilHbBB**aL 

r. BBftif*BB©#*»**a****** (2) 

«B»*ftt'«-BB^«H»"e»***fc*B©i:C%^ 

BftBB**aL-c»*$Bft««*i=aa*i*fc»ic 
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JnBLT* BB&£*£ti®ftfft#£*a£l*4#&. 

T, afc«tl**3l**t<P3&<6. KB* 
/S#££;l*1*4;£;£. fcfc'flttflfl^a^iifcf'lffl"*" 
4Zt3S«-e*4*^ *BB0f*#*«S-froBra*E£ 

[0 0 4 8] * &|C»*L<I4. 0-1383 
7 9^»:*itifcJ:5 4, iMKfctBflsBBB 

tt4«»fcfr&tt4BBB0*«B*U? hT?*6. bu 
EB»fi<DftB*t'<Uy h(7)ii^. 53rtbH$t3lE(4, ±# 
Btt**r4«B+T!**E*»*<*l*BBJ: L J 
tt«tf«lM«#T?*a*a**u «*«Mti:«rE*«tt 

[0 0 4 9) zzv rnrE±»IWlt*"*'«««*y t 
»Ktt«A<i6HJ*#J (hi*. ft*mt£ttEIOTEtta 

£ *rr 4 mb # #a-t * o> s « ji * * * j$#t? 
fey. «5itfjKrE±»»tt**"i"4»B* y ifitt^S 
©±»Btt**+4*B, x/K4ri/«ffi. 7;up-;u*J 

BtttfyTS KttB. JjOMMbK'JTS K«B. *4l* 
14 7 1 y -;Hb**ft b *i 4 o 

[0 0 5 0] 7xy-jMbft«Btt, 7x/-;utt7K^S 

4 C i»^+lc*M»sm*-r*7xy-;Mb^«5i: 
Lri4. 7i/-;k ^u % /— *vuy— ;u, 
;u7x-/-;uttfcD7xy— ;ua, 1 -t7 h-ik 2 

xy-;Htft*fcLri4i 2flw±* 
-f 4t0>jMf*Ll\, *K**2fi^-ra^xy-;Hb 
£^<hLTi4, t*x7i;-;i/A, tfx:7x/-;uF, 

^;u*T-a-;u«fif(D7xy— ;us. 5t Kn*S/t7 

B**2BfiU:*-**47xy— ;Mb£*i: LTI4. 7i 
y-^«45*tf/*fcl4^-7 h-JU«fcT;UTt K«t 
<D»£«k 7xy-;i/Sft«fctf/*fcl4*7 h»il/gt 

*v«j u>^u 3-;bta>tt^** 7xy-;mJsJ:tf 

£<Dffi£4fe. h'JtKD + vt7^b>, fc°P;tfP-;u 
ftif*<»lf &*i4. 7^ft KSi LTI4. * 

jUA7;Uxfc: h\ 7-fe H7^ft K, :?p tfJUTJUTfc: 

ft K, VfrtJUTfrT t h\ -iz/\*i/>7;U-r t h\ * 
, J^;u7^f r t Kfci*A<ffii*b*i4. 
[005 1 ] f-fc % 7x-/-;Mb#*fc. -S*S££2 
■*Tr*Btt»«ft**(DlB*fiJ8l=J:yi»6*i*««' 



(*££i»£L<m*ft-<tj!><T*£4o 7x/-;Hb£ 
B (me#b) <D«£SISI4* BB. £L<l4;u-fxg! 
TiFBftb S**r4<b*»*H*Oft#-(?Sl6a?*r 
[0 0 5 2] KfrBftafcLr, ffrE L fc 7 x / -;Mb 

£^#ffl^b*l4*<. «»a<D<b£*£ffil*Tfc«fcl>. 

»iz»$Lt^xy — jHb^ttit LTI4, 7x-/— /k 

[0 0 5 3] B«FBi*b4:Lri4. BttflttSfcLTl* 
flfaft£<Tfft*<Di:LTI4. JH»ttOMb'&tt|-ei4* 

ti^m^xt^y t- ju'O (v^>-r>. y ^*>, t;u 

0Mb£«l"ei4. 2, 5-/ JUtH^vXV, -f h7t K 
tJU'O *'J*>. *Ut7-rb» , = 

»140Mb*«li: LTI4, yy^D/O^yl^WJ 

4c£tf-c?£, cix*£«»fim*T4i«fci*. K 

mmbt LTI4. K*»6-1 5 0)ta)^»*L<. 

ft 4.0)14. »^-BA<Jt»MWttl=&y. ^^MWtt^W 
Lr^^J(c^4*Tfto t$lc»$Ll^0)i:Lri4. C10 

rt-Tftlb^at LTI4. »ttfcl=J:y y-<>T->*±rt 
*>7x>ft4:a)ffii$*ifftc:i:*<-e#s 

[0 0 5 4] *BWO«rtB«-e*4«JE4»Btt** 
1-fttttB J: y tBBttB^Bl^BBi LT , 
t©fcLTI4, «TBftaS2»^lcS4Lr. «rB#b* 
1 ft^ttiBLfc. Btt<DJtttM»L^ta)A<»lf &*tft. 

[0055] irE±»Bii«*rft«BJ:ytiBBBa 

A<iSL^»tLTI4. IIW^1^2 00W±1 0 
0 0aTtft5Cttfff*L^. »^BA<2O0*«T7 
fcft<i:, BS?£1tl3Seftfcft. J*»+I=WBL. A»A 
+ lC7fC-f K<pif©*jiSiSB4*l*ftci:6<fcft 0 
»^MA<1 000$Siit, B*«»tt (rt»B*a)3lt 

ntt) i=*y, *BM<Da»**»i=*a-c#^^c4: 

A<fe4o 

[0056] *fc. **wa>aB«ttB<b»Ba^#i= 

fcL^T, a^ft±<*^1 0 0li9tLfc*«(Dt»* 
tt£=rrft8tBa>E£BI4. «^(*(D»ffil=J:yB*4 

»*L<i4i o-9 9aa§P. *y»*t<i42o 

-95Sa$B, *6ll»*L<l430-9 0Bft»"Cfc 
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I). 

[0057] ^n^omt&Ptmo^mf&it^izmmi 
*usi>a<, «rc©»B*sa*««t^»i?a<bwt* (ft 

XlStt) tMl. t*£tt*»l*Lfcft, 4#«tt£* 

MX.I*. ^jMBttS** ftWBO^U 
*1l**r4*IIB<DEd*l*. h+KfCI=#* 

5®l!IA<!i?£ L < I* 1 0-9 9«Sg|5. *y#*L<i* 
2 0~9 5Sggp. £blCjff£L<li3 0~9 0mftSp 
left 4*31= h*7'C^U> K"f 4©A<*l*o 
[0 0 5 8] Sfc, ffirG£tt*mtt£*yti8K«£fi< 
ttlM*#<DES«fc LTI*. ±#fllttt**«tMl 0 
oaSSPI^^LT, 0. 0 1~2 08Sfll. $£>!=»* 
L<l*1~l oMgHtfeSo flSLfc 
*3l=Bfc«ltSlil=*»L, 

&Qtm\Z)£t$ UfflMcit. fc4f 
t^4Ctt,Wft-e**. ntIB*IM6SA<ftl*«BB©e* 

sa<. iseffl^^r^-r^fcy. £-f£fcy-f4« 

jtfcfiKfl*ai=fcl+4J*J&tt, E.oiMB3!tt, 88fc 
if© a^Mftlf ©/ O >x© & *tfc*mA<» 6*10: 

<tA<&4„ e«i=. wasfiaBfflsa^a^u-y n=, &n 

tA>. iSl*''JlXfJU7S h\ jSi&JH'J*— 

£©«#filf&*i. ttfrttftWtCiXf^* 
*-f4i©A<#£L<, ^Ic;"Sb%* 0| Jxx^;u. iSgtf 
i) iXfJI/7 5 KA<»* L < . tpT'i&ik+°>) iXfA 
A<$bl=S?£Ll\ Sfc, fll+ifcSrt^tt**^* 

RMlzR(6L<tl^*#'Crt»*fr3^ J5fS£ISj±-f 4 

aS£8itLT*}<©A<»*Ll\, 
[0059] *fc. ftlWt^l/V H*. *tl$Mt5 
mmWTiV^'y^^ hl&A<3. 000-800.000 
*©eHA<Jif*Ll*. 3.0 0 0**5»T?l*±*tt*<« 

* 4Igh 5 ^;KD»BI=<£* CfcA<a&«. 800.0 

l*8tffil=*4a»£U=< <4oT, J*fl* n D D ©Sffitt-V> 



»^Wf#1tfcJ:0!*«ttA<ttTr*Ci:*<**. * l J<ff 
SL<I*1 0. 000#JsLt500. 000*JsTF, 3=b 
l=*?£L.<l*2 0 0. 0 0 0#JsTF. $blcH^L<l* 
1 00. 00*)ilTT'&*o 

[0060] *f6W©J*flM**4©JB«<*> i 

(S)©mm«JAfilRL <1#tt (E) ) A*. 1 x 1 02Q»T 
-Cfc4::i:A<#*Ll\, R|>\ 1 x 1 o2Q£8*.4iS 

<. »*ttl=**4»a*<*4. -*U*. ^Ufh+l: 
a3l+4K*«lt©ft*iWHl\ *fcl*a*«lt*<ftffl= 
$HKLTl*fcl*Ci: SSifcU C;h.£l£ff* LTfc4J£»* 

R L A<1 5QiatT-C*y, KI=»*L<l*3Q»T-e* 
4o iy*?l+. RLA<2Q«Tt?fcS©A<»$Lt^ 
[006 1] ;:t'. A^S^U'y h©a¥*ifi)i:i*. 
^<U-v h©Sigmi4A<?l^©f>*i-i), £fcl*ffLai£*i 
473l6)£tiU ftlc^-v hA<tttt©flS®£*il.fci!£ 
I*. *(Dttt«&fll=tB3-f 4. *fc. A**48ift*tei: 
I*. 8jtxSI=fcl^r?l*»6*l**fcl*ffLHJ**i4 
Xh7>h\ v-hOt*©im 
tiS»L. ftl=fiE*M*»A«*«»t'<l'"-' hT*ifc4i|S 

[0 0 6 2] ltHl*»IS'<U?»H=JS^Ttt. ^ 

SmffiinfflRT (^tt (F) ) A<, 1x1 o3QJjl±-C* 
i)CtA<jlf*LL^o RtA<, 1 x 1 03Q*-I-efc&i!£ 
Id*. Smil*t3i1bJifc©W?4©S!^me^fc y ©±£14 

»tl©BiSt*t^^A<&4o Cih.1*, ^U-vh©«® 

So »EfeL<l*RTA<1 x 1 04QUl±T?fcU. 
L < I* 1 x 1 05Q)il±T?feS„ t y*?lt. RTA< 1 x 1 
0 6 Q ULtT- fe S © A<» £ L L\ 
[0 0 6 3] UH-JdJIMI^UvH*. 

ttiJUffHItt (G) tS&US&tzlt (H) ^fc-fct 
tHSLO. (G) jft»tttt0ft¥ftAaiMM*tft. 
iSfjx1fiVRLA<. 1 Q • cmJUT-efcS-k. (H) RL 
t RTk©tbT-feSRL/RTA^ 1 x 1 0"3KiT-C?fc-5) 

[0 0 6 4]VRLA<, 1 Q • cm^m^.^a^\t: 

l-t¥L<^SCtA<fe-S><, C*il*. MtH/$^ffl^U7 
h * l= l+ Sflt*«Ett©* * A«fi t * fc l*Bt*«* * ? 
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ftffi 2 0 0 1 - 3 2 9 0 7 2 



>f^L<l*VRL* < 5x 1 0~2Q ■ cmliLTX'foV * S 
|3»$L<I*7 x 1 0-3Q • cmiyTT'fe^o t Vfr 
It, VRL* ( 6x 1 0"3Q • cmJilTr-fc-Sai^if^L 

L^ 0 ccr% K©ft#7j|p]©i*»ttSUSljtlSVR 

Ltl*. RLl=J*»*m«.ffi©ffl«**C. ^U-^h©^ 

* 7J is] © £ $ r- fit l fc fit i - r ft S $ * fc * © -e & * . 
[0 0 6 5] Sfc. ^uy 1-0)^73 lairoStiftfiiMR 
L k *»«»©fi#*fi t it 3c-T 4 ¥® 1*5 1= fc It 3 ES 
7sfil©«ft»tn;filRTi:©tt-eft4RL/RT^. 1 * 1 

ttl=*«*£l+"C«t< . «»»»^&©ft*Wt©K*4. 

7 l-^fiift^Uf KD«BS1TLTI^*6. RL/ 
RT*<1 x i 0"3£J8;L.5«£I*. ±Stt©BA^t» 
*L<tt^CtA t *4. -til*. *»*f«+©iSt*«lt 
©g$. »f*. &J:lflBBttfibWill'CI*&<' % ^&l=& 
<feyi?$L<l*RL/RT* < 1 x 1 0-4jyTt?fc 
U. L < I* 1 x i 0-5lUTT?feSo <t l J+7lt. 

RL/RT**1 x 1 0-6jilT'C-fc£©tf!>?£Ll , >. fcfc\ 
RL/RT©Sttili. ±!BR|.£* ±SBRTt?^Lfct©"C 

[0 0 6 6] !f#14 (G) £fcli (H) lC,£y. 
fiEffJa a B ©*mt4. A*tt1*tt*<ft*U ±*tt©*l*Mtt 

ii. $£i=w£UM*J*tt*4i:LT, ±ie (e) . 
(f) . (g) . (h) ot^Tzmtztrnftmn*® 
if § c i *»<r-£ Kftft-r * afc-rwmrtwffl'* 

[0 0 6 7] ^CirWaJfiE^ffl^U-y hfc<fctffi£fl$SI= 
*Sl*TI*. «*Wt©tt«k«fiiR o*<2 3 0Q/mm2 

i*Ttt*«*H±*«»tt-r * c t i= * y j« 

$ 1 1 . & gjfiEfiJffi +©^1/ <X # IMS 

ifS«14l*S»l='Si>CtlceB-rS. LA N L. H«S 
©»*/<*.*<#£ LTfc. «*«Mt©»tt*ta*<** < 

ttiitf. *©tt*. j»Q° 0 ©»ttii*eT-ri>. c©« 

Sir -5 #*>©TffifiJfc/<7 > &MJStfi£ 
4. *©B4»I=«B©HB*. EDdh. «ffl»tt*<C©« 



[0 0 6 8] fcfc\ CC-Cl^5«««ftRcl4. &S$ft 
*t*©fiHI*-SE-CEJt Lfciffi^lcMlLfct #0)1 
»»tttt^ £>#©i> C t tfX £4. SI£j£©S**ffll*S«E 
fl-CBSLfe. 

[0 0 6 9] *^Bfl©/$^ n n pl*. **W©ft««ltBfc 

/S^ D D n T?$»-i>o *$£E©ft£J§*i3itetttlitt£ftfe«»^ 
l*#ISSB©l*W*4©«SI$i: LTI*. ±«6©l4ttifiEJI5ffl 

[0 0 7 0] WaifiEfl5LfcJ$^ 0 n pl4. 7D^p^ 
fi£^p D 0 +©K«i»*t©^$ "T4C t *<*J»-C*« 

cti*fr5E©ay-e&4*<. ^©«^, ^ic^ft^fc 
j:u:waija»«, $ bi=&ii©iaff£#«Lfcitftiifc 
J^lc^^^^#lrML■ct^xl^. HE^iMsir, m 

n a p*©^«l$tO)^ $ < y . ?$l-tE 

I*, |tatt*<TSSI=<i:6iSt«l=. "C*4fc*l+«< 
|&5£-f •£©*<*?£ MSLL^EIiO. 1-1MP 

XjKDx-/^-ftJ£A^$ < . 'J a-;Iil$A<^ 

< . E$ghtA<1SlMii:/!)c^p D ptt J ©!i1b*t©^$A<S< <f 

[007 1] ±ji©«fe?l-. 

***i4»ft«-e*4«*BII©a«¥«S«Mt* ( I 
w) A<0. 2 5~ 1 mm. L < 14 0. 3~1mm. 
MI^Jf*L<l*0. 3 5~1mm1?ftSCtA ? j?f L 
l>. ft*«*»*©*ft< tt3M%©«ltft 

l < i*. < 1 1 5 aa%A< i~io 

mmOtlTtU -B*f * U < l*«*Wt«*©'>ft 

< t&S MHt%tf 1 ~ 7 mmCDieffl'Cfe'So ty*>lt» 
* L < I*. «*««««©'>« < 1 1 8 1 ~ 7 

[0 0 7 2] *^Bfl(Dfi)t^B D pli, ^UX*»«HP«tt* 
MmX'titte Ltzf$.B8>. ttizttfttfim Lfcfi6»ft©#W 
^frtt§U5tfiVRA<1 000' cmiaT-e$>4CtA<» 

y *»a«t>-c©ft*it*t©** *ft< *t»t* = t*<-e 

#4fc©, 7]^M^1±©fiSI=, »l=. »l»»«tt**f 

4iSJtJp c p$ffl<ft-r5 ; t©t?fe-i>o t#i-. ft^«*i©ss^ 

ft*<2 Olft%JUT©*-7^1S^iB#i?©li#l-l4» 3 
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«<d^u-> h letter »ttito)*ajai»i*HST*fcy- 

a-C**. *>*>hk. *¥«ftttl=BLTt,. ^$£1=*- 

fitttl*5 0Q - cmiSlTT?**. *#l=ftB«lta)K£¥ 
*<2 0«»%Jsl±l=teL^Tf*»H*ttateta^l OQ • 
cmJSlTtft*««^*4. »*L<I45Q ■ cm»T 

[0 0 7 3] *«BWO)fiE»fltt. COi*fl)«ia->- 
;U Kit* LT 2 0 d BSLt-Cfcft CfcjWfr* L < $ 61= 

»*L<tt2 5dBW±T?ft4. ft* «»»v-;uKtt 

147 K/Ot-X h£l=*i:T«IEU US 1 mm(DM 

1=1 gh zo>*«a*BB»Lfci^i=¥«-ea*-r6*a 
[0074] *ftaa>j£»aii. K*«m=&Br4X 

l*Htt*B;eTl**fctfK ASTMD 7 9 0g(4 (X 
/<>IBIffi«L/«WD= 1 6) l=fcl*T, Sl6mmt 
<Db4lfMtt#8~4 0GPa(BffiH#S*L<* £61= 

S$L<lil0-30GPa <0EB. *$I=S* L < I* 1 
5-2 5GP a(DiDHOi$^ n D n <!: LtfflL^4fl)tfJ:L^ 

[0075] *§£w<Dmmmm&itmmm£{*te±ifj$. 
mm. mzttmuMm^isyHt* <«» 

Rfloatlttt) . #W4£*to«*.Ti*a(&-e, 

ii-Cfc^o cfcy»*L<l** AffO. 5~3mm, £b 
l=»*L<l*0. 6-2mma)KH"(?*4airtfi6»at 

*>lt#*L<l*. ISJSO. 7-1. 6mm(DtEH-e$)^ 

[0076] *§tmzis\iz>m'*&<Dm&t lt\z. m 

*»6*i*«* ■«*«»ffl»»ftifaW»«f 64x£o * 

^0^(Dj$^ n D pf4. a^m±. nmfci<>-)i Kit 

y>yftifCD«iilC*»-e**. *y#l{*WI=l** 
x-fyi^u-f. y-h^/N°v=»v. &ffifflttBtt. ph 
S, PDA (*^#«<i:i: , trt* 

4«&t # <D/\^v>yfti:l=»A/'rfi6ffl**i|)o -ft 6 

[00 7 7] *l*»«tt£*LTL**fctf>* 1KB 

ft, **L60)Wt/»<*lli:**i*«M** BAtf I C hb 
l=t*fflT*fc§o 



[0078] *»*r»fcur, ?'j?u*. aa 
£B*tei:£m*4cfcl=<ky. Bte-WH&ttttif 

^7h, iw, 5** hft4f*»*cfcti-cft*. 

[0 0 7 9] £fc, *S6BBCDft««ltfl)iaJ|R»?il*. & 

<b«BH£* (a**xi**»*m*) *fciirt»fl^ 

6«l»*l»*-r*Ctl=*€) i ti<D-efe4. 

***i=i*^ »a-e»B*»«M-4»M»a*a. B* 
7;u* 'J, *«»ttft£(D<b¥*ar«B£*Sfe4i* 

;ISLWt\ ca>fctf>* 
*«*tt«tt*ttKtt«<*ofc**«*«l*BJ|E-C 

ft& 0 B^T^AuftifSffli^sra^tiBa® 

BB^±i:i=<^. 1*1= . *«B©**B«Bfc*Btl 

#itdt^a^6i*. *^wi*tt^«»Mi*tt£K<fco 

a, aa®Bfl«<£i:r. K*«*a>**M»tt^«« 
wi#tt £ is if iST-r zztte l r =«B £ B*-e ft 4 

fctf>l=**»*U*0>l*, *»<BI=J:*^aTffc6o ± 

»Bi=*4ji»ttft«Ba>B**ai*» ±«*i=a»r 
4, *+i=aa*-*&£a>*a*«&4. c*i6<d;££t? 
ii»amaa*^6»»*J6«), 1 *~»*-es£i=# 

S?JMo B£**BBSl*fc±«+*. 

ft*fc»»a+^tt»Ba>»ay«i*ii*fc*)i=ff* 

[0 0 8 0] 

[BUM ttT, H»il=J:or*^0^^$6!=P$ffil= 

[008 1 ] ( a ) ^^^ta)$g B B e ^>f X 
B$¥ffiII#I117iI#, KB. 3 6#. 2 51 
(1 9 6 3*fl) l=IBB**lfc*;i$»*t LTEOS 

[0 0 8 2] -B»nB:ttBBtl$ft$4Ginl=«Dy. 

^$3cm. ipg 1mm, a* 1 mm(Dfttt*^BLaSK»t 
Lfco 

[0083] ■ aaai=*yttfcxBB«a-cTea>» 
• Xtt«±BB : Ji^mmii (*) K 

XBB ;CuKa (N i 7^;U^-f$ffl) 
ifc^J ; 4 0kV2 0mA 

. zf-^>-^ : Ji^mmtt (*) SSI 

X'J^h*: 2mm0 t°>*-jUzi 'J 
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• *B*fflB£ : 

(20/0) ;Xr^ 
BBBB ; 1 0-4 0° 

•»ff*a:a»*i=*y»6*tfciifli» (002) o 

rf— £CD4Mt$IfrbS c h e r r e r (7)it£BH N T$£JI 
L (hk I) = K A/£qCOS0b 

ffiU L (h k I ) ; WSH (hkl) BI=Bfttt£Gl 

<D¥®(D*2 £ ; X [ n m] 

K : 1 . 0 (»«H*. SB) 

A : Xtt®&ft [nm] 

/So: (£ E 2 -01 2 ) 1 / 2 [rad] 

iff E : *^ltO*tt« (B£tt) [rad] 

£1 : 1.05x10-2 [rad] 

0B: ?77M [rad] 0 

[0084] ( b ) 8tmm$t<D¥®mt&m 

Df = [ (W x 4 ) / (Nxpfx100x3. 14) ] 
1/2x 1 00 0 0 



D f : ¥«D$*t& (Jim) 

W : 1mfefcy0l«li [g] 

N :«|t3fc*a>7-f 7>:/ha [*] 

*fc. ±E«B«B©¥$B*BttTE0*fltt*B* 

*tt**?4"e*S. • ^^^irfttilLfc 2 0 0*0^*1 

fee 

D f = (S x 4/7T) 1/2 
D f : ¥£j«f& [nm] 
S : tttta¥«ffBft [//n2] . 
[0 0 8 5] (c) 7V>tfe5L5S^hb 

[0 0 8 6] ^7>X^^7 HKJMM&I*. jSJf$Q a p$X7h 0 

**>*iti:aiL, wBLTflfBBi::Baj-r£K£« 
nico^rajgLfc. *t, B»B*BB*&a>*** 

fico^vx^ h;n*. fflBEi-BttLfctt*tttt<D 



:Ramanor T-64000 (Job in 
T^^P^P— ^ Beam Splitter 
*M*U>X : x 1 0 0 

3teS : A r 

EtFr^S^f- : Spectrograph 6 0 Ogr/mm 

: Single 2 1 hP-A/mm 
CCD : Job in Yvon 0 



YvonttS!) 
: £ 



+ b-+r- [5 14 5*>#* hP-A] 
6 4 Omm Triple Monochromator 



[008 7] (c) 1*ftBtt*ft«iaVR 
77>y-hlcrWffifiE^Lfc«1 2. 7mmxSJ6 
5mmxIS2mm(DBBt)tS, fcttttB (7K»^0. 
1%ttT) -CB3Elc«Lfc. £?\ *Ixjl$®|c#mfi 
^-Ah (BtftA (tt) «K->-f h) £**U + 

(FLUKEiig) iiraijs-r*o fiiBmastnfii^b 

l?BLfcta>ti*BB*«**ft«i:Lfc (*tiliQ - 

cm) o tt£»UJjft»li* v'J>yaS2 6 0U 
;£J£7 otlcTfrofc. 
[0 0 8 8] (d) «ft«fitfilRL 
5 0<DJ*»tt«=-3l*T, TE<D*Blcfitl*B£Lfc« 

(1) £1% fiE»«SO)ft^|pI<Dft^<D»ffi*, **l 
K"<— /<— (#4 0 0J5iT) T*¥Bf-feS*"C 



'>ft<itiO. 2mm5ifig-r^o 
[0 0 8 9] (2) *1>T*. WBLfc**Bffll=* am 
^—7, h (B*T J 3 L V> (*) HE I e c t r o d a g 
4 1 5) fcB^U 2 5°C. ;1JS5 0%. *<J3 O»0* 

[0 0 9 0] (3) Bffclc, *04iBa>2jftm*taB* 
f^^7Hf^^- ( (*) 

58 1) !ZT3BBJtU *<D¥«tt£*<D»«te«B 
B ft 0) ft** ffl <0 « »«fatt Rikt&o 

[009 1 ] (e) BftfttaRT 
5 o©f*»ttSBi::oi*T, TEeo^BlcfitL^lS Lfcl 

[0092] d) fiEjB^^ft^ipitasE-rsspffi 
« ic fc it s ^*fS] * ommcr) 2 jsm*tft« *t y 

SR^ffX$- ( (HO 7M>«h>R3 5 8 

i ) i=tB£-T4. 

[0 0 9 3] (2) BfcS&ll::Td>fc< £4> 

3 BBC U ^(D¥^**-t<0»«tt«B5tftfiE»tt» 
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(f ) mmmmmvR 

[0094] ( g ) fcmmm <D&mm r c 

(1) «*««*(Dft^*ra<D2jSB*ft«tafiltx^ 
^RibffX^- (**) 7K/OfXh8R3 5 8 

(2) 2j£MEtt$ 5 0, 1 0 0. 1 50 cml:tll 

(4) 0 cm<D««ataSaSRtt«*(D»rB»-Cl»Lfc 
15Rc [Q/mm2] t Ltz 0 

[0095] ttSlffti|[£«&1-£»#ttK&2 

(SS2) I w=I (Nix 

»*«*tOttail*. flt»fl*7 0%ffiK^;SSL"C8 o 

[ft 1 ] 



"» y til L T *<D * * 0)ttST' * 7 ^7 Icfflft L fc o 
[009 6] (h) AtfUlttE 

ASTM D 7 9 0«« (X/OIHE»L/«BD = 

1 6) l=»«LfcttlfWttlCTBfflLfc (*fil*GP 
a) o fflL^fc!SliK(Z)*5)?l*6mm)l-e, *#¥0. 1 
%mT"CK»lCttLfc. v'J^SS 

2 6 0°C, £l!;S8 7 0 fl CIZ-Cffofc. 

[0 0 9 7] (i) y?*tt#7-f HW 

astm d 2 5 eSBtlcMLfc^-iuK/ 

y I Z0D««aSlcrBfiBLfc (»(4(4J/m) o ffl 

KttlcfltLfco fcfc»asJ5MI*li. •> , J>yaSE2 6 0 
°C, &g!;£Jt7 O e ClcTfrok 0 
[0 0 9 8] ( j) ttsutiw 

jwji*. tfLm&frzmmmmo? 4 ^ * > k** «»= 

-C3fe^H««l=TailSLr. TfgO (Sit 2) £ffil*T 

8S$f<DBS* N i lift* I i 0>fiE» (F) OttLttho 
(SS1 ) lw = I (Wix I i) /ZWi 

(»ai) tt-s«ga)a£*a»ii-»Lrtt, cast 
2) a)«na-r-t^-e#4. 



2) /I (N i x | i ) 
[0 0 9 9] WT, § 

[*1] 





KSttltRtt 


fit » a titt 




















Lo 


R s 1 


R 8 2 


Rs1 


Rs2 


Rc 


lw 


VR 


E 












/ 


/ 




















R i 1 


R f 2 










«* 




nm 










0 /mm* 


mm 


n - en 


GPa 


J/m 




1.9 


0. 85 


0. 64 


0. 97 


1. 01 


2. 5 


0. 37 


0. 27 


23. 0 


134 




2.4 


0. 82 


0. 38 


0. 92 


1. 09 


0.2 


0.31 


0. 37 


25. 8 


140 


*ISfl3 


4. 3 


0. 61 


0. 04 


0. 73 


0. 43 


0. 2 


0. 27 


0. 68 


21. 9 


109 


tt*«1 


1. 2 


1.28 


0. 98 


0. 69 


0. 83 


35. 0 


0. 40 


1. 14 


13.7 


77 


fcfc»«2 


S. 0 


0.59 


0. 02 


0. 53 


0. 41 


0. 3 


0. 11 


1. 37 


18. 9 


65 
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